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<S (54) Title: THIOETHER SUBSTITUTED IMIDAZOQUINOLINES 

O (57) Abstract: Imidazoquinoline and tetiahydroimidazoquinoline compounds that contain thioether functionality at the 1 -position 
Jj£ are useful as immune response modifiers. The compounds and compositions of the invention can induce the biosynthesis of various 
^ cytokines and are useful in the treatment of a variety of conditions including viral diseases and neoplastic diseases. 
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Thioether Substituted Imidazoqulnolines 

Held of the Invention 

This invention relates to imidazoquinoline compounds flat have thioether 
5 functionality at the 1-position, and to pharmaceutical compositions containing such 
compounds. A further aspect of this invention relates to the use of these compounds as 
immunomodulatory for inducin S cytokine biosynthesis in animals, and in the treatment of 
diseases, including viral and neoplastic diseases. 

10 Baekflrnimii 0 f the Inventing 

The first reliable report on the l^-iimdazo[4^^]quinoKne ring system, Bacfcman 
et aL, J. Ore, Chem. 15, 1278-1284 (1950) describes the synthesis of HoHnethoxy-S- 
qumoliiryl)-2-methyl-l^n^ for ^88^ mtimalaxM 

agent Subsequently, syntheses of various substituted l/f-imidazo[4,5-c] quinolmes were 

15 reported. For example, Jain et al., J, Med, Chem, 11, pp. 87-92 (1968), synthesized the 
compound H2-(4-piperidyr)ethy^ M a possiMe 

anticonvulsant and cardiovascular agent Also, Baranov et aL, Qjeni^bjL 85, 94362 
(1976), have reported several 2-oxoinnto[4,5-c]qumolines, and Berenyi et al, L 
EeterocvcticChein, 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5- 

20 cjquinolines. 

Certain l//-hmdazo[4,5^]quinol m ^animes and 1- and 2-substrtuted derivatives 
thereof were later found to be useful as antiviral agents, bronchoduators and 
immunomodnlators. These are described in, inter alia, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, allofwhichare 
25 incorporated herein by reference. 

There continues to be interest in the imidazoquinoline ring system. 



30 



Qsrtain lH-hnidazo[4,5-c] naphmyridine-4-ammes, lH-imidazo [4,5-c] pyridine- 
amines, and lH-imidazo[4,5-c] qumolm^amines having an ether staining substituent 
at the 1 position are known. These are described in U.S. Patent Nos. 5,268,376; 
5,389,640; 5,494,916; and WO 99/29693. 
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Despite these attempts to identify compounds that are useful as immune response 
modifiers, there is a continuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 

Summary of the Invention 

We have found a new class of compounds that are useful in inducing cytokine 
biosynthesis in animals. Accordingly, this invention provides imidazoquinoline-4-amine 
and tetrahydroimidazoquinoline^-amine compounds that have a thioefher containing 
substituent at the 1-position. The compounds are defined by Formulas (I) and (II), which 
are defined in more detail infra. These compounds share the general structural formula: 



N 

N 
I 



wherein X, Z, Ri, R*, and R are as defined herein for each class of compounds having 
15 formulas (I) and (II). 

The compounds of formulas (I) and (II) are useful as immune response modifiers 
due to their ability to induce cytokine biosynthesis and otherwise modulate the immune 
response when administered to animals. This makes the compounds useful in the 
treatment of a variety of conditions such as viral diseases and tumors that are responsive to 

20 such changes in the inrmmift response. 

The invention further provides pharmaceutical compositions containing the 
immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an animal, treating a viral infection in an animal, and/or treating a neoplastic disease in 
an animal by administering a compound of Formula Q) or (EQ to the animal . 

25 In addition, the invention provides methods of synthesizing the compounds of the 

invention. 
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Detailed De scription nf fhe Invention 

As mentioned earlier, we have found certain compounds that induce cytokine 
biosynthesis and modify the immune response in animals. Such compounds are 
represented by Formulas (I) and (II) as shown below. 

Imidazoquinoline compounds of the invention, which have thioether functionality 
at fee 1 -position are represented by Formula (I): 




wherein: X is -€HR 3 -, -CHR 3 -aI]cyl-, or-CHR 3 -alkenyl-; 
Zis-S-,-SO-, or-SCbs 
Ri is selected from the group consisting of: 

-alkyl; 

-aiyl; 

-heteroaiyi; 
-heterocyclyi; 
-alkenyl; 
-Rr-aryl; 
-R4- heteroaiyl; 
-R4-heterocyclyl; 
Ra is selected from the group consisting of: 
-hydrogen; 
-aUcyl; 
-alkenyl; 
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-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
5 - alkyl-Y- alkenyl; 

-alkyl-Y-aiyl; and 

-alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
-OH; 

10 -halogen; 

-N(R 3 )2; 

<:o.N(R 3 )2; 

-CO-Cmo alkyl; 
-CO-O-Ci.| 0 alkyl; 
15 • ' -N 3 ; 

-aiyl; 

-heteroaryl; 

•heterocyclyl; 

-CO-aiyl; and 
20 -CO-heteroaryl; 

each R3 is independently H or Cmo alkyl; 
each R4 is independently alkyl or alkenyl; 
each Y is independently -O- or -S(0)o-2S 
n is 0 to 4; and 

25 each R present is independently selected from the group consisting of Cwo 

alkyl, Cmo aflcoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt thereof. 
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compounds are represented by Formula (II): 



wherein: 



10 



15 



20 



25 




(H) 

X is -CHR,-, -CHRa-alkyl-, or-CHRa-aDcenyls 

Zis-S-,-SO-,or-SOr; 

Ri is selected from the group consistingof: 

-alkyl; 

-aryk 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-Rr-aryl; 

-R4- heteroaryl; and 
-Rr-heterocych/l; 
Ri is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 

-alkyl-Y-alkyi; 
- alkyl- Y- alkenyl; 
-alkyl-Y-aryl; and 
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- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

5 -N(R3>2; 

-CO-NCRafe 
-CO-Cmo alkyl; 
<X)-O-C M0 alkyl; 
-N 3 ; 

10 -aryl; 

-heteioaiyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteroaryl; 

15 ' each R3 is independently H or Cmo alkyl; 

each R4 is independently alkyl or alkenyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cuio 
20 alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 

or a phannaceutically acceptable salt thereof. 

Preparation of the Compounds 

Compounds of the invention can be prepared according to Reaction Scheme I 
25 where R, Ri, Ra, X and n are as defined above. 

In step (1) of Reaction Scheme I a 4-chloro-3-nitn>quinoline of Formula X is 
reacted with an amine of formula HOX-NH 2 to provide a 3-nitroquinolin-4-amine of 
Formula XL The reaction can be carried out by adding the amine to a solution of a 
compound of Formula X in a suitable solvent such as chloroform or dichloromethane in 
30 the presence of triethylainine and optionally heating. Many quinolines of Formula X are 
known compounds (see for example, U.S. Patent 4,689,338 and references cited therein). 
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Many amines of formula HO-X-NH 2 are commercially available; others can be readily 
prepared using known synthetic routes. 

In step (2) of Reaction Scheme I a 3-mtroqumolin-4-amine of Formula XI is 
chlorinated to provide a 3-nitroquinolin-4-amine of Formula XIL Conventional 
5 chlorinating agents can be used. Preferably the reaction is carried out by combining a 
compound of Formula XI with thionyl chloride in a suitable solvent such as 
dichloromethane and heating. Alternatively the reaction may be run neat 

In step (3) of Reaction Scheme I a 3-mtroquinolin-4-amine of Formula XII is 
reduced to provide a <pinoline-3,4^iiamine of Formula XIH. Preferably, the reduction is 
10 carried out using a conventional heterogeneous hydrogenation catalyst such as platinum on 
carbon. The reaction can conveniently be carried out on a Parr apparatus in a suitable 
solvent such as toluene. 

In step (4) of Reaction Scheme I a quinoline-3,4-diamine of Formula XHI is 
reacted with a carboxylic acid or an equivalent thereof to provide a lif-imidazo[4,5- 
15 c ]quinoline of Formula XIV. Suitable equivalents to'a carboxylic acid include ortlioesters, 
and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is selected such that 
it will provide the desired R2 substituent in a compound of Formula XIV. For example, 
triethyl orthoformate will provide a compound where Ra is hydrogen and trimethyl 
orthovalerate will provide a compound where Ra is butyl The reaction can be run in the 
20 absence of solvent or in an inert solvent such as toluene. The reaction is run with 

sufficient heating to drive off any alcohol or water formed as a byproduct of the reaction. 
Optionally a catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (4) can be carried out by (i) reacting the diamine ofFormula 
XHI with an acyl halide of Formula R2C(0)C1 or R2C(0)Br and then (ii) cyclizing. In part 
25 (0 the acyl halide is added to a solution of the diamine in a suitable solvent such as 

pyridine. The reaction can be carried out at ambient temperature. In part (ii) the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 

In step (5) of Reaction Scheme I a l/f-imidazo[4,5-c]quinoline ofFormula XIV is 
oxidized to provide a l/f-imidazo[4,5^]quinoline-5N-oxide ofFormula XV using a 
30 conventional oxidizing agent capable of forming N-oxides. Preferably a solution of a 

compound ofFormula XIV in a suitable solvent such as chloroform or dichloromethane is 
treated with 3-cMoroperoxybenzoic acid at ambient temperature. 
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In step (6) of Reaction Scheme I a lff-inuda2o[4,5-c]quinoline-5N-oxide of 
Formula XV is aminated to provide a l/f-inuda2»[43-c]qiiinolm-4-amine of Formula 
XVI. Step (6) involves (i) reacting a compound of Formula XV with an acylating agent 
and then (ii) reacting the product with an animating agent Part (i) of step (6) involves 
5 reacting an N-oxide of Formula XV with an acylating agent Suitable acylating agents 
include alkyl- or arylsulfonyl chlorides (e.g., benezenesulfonyl chloride, methanesulfonyl 
chloride, p-toluenesulfonyl chloride). Arylsulfonyl chlorides are preferred. Para- 
toluenesulfonyl chloride is most preferred. Part (ii) of step (6) involves reacting the 
product of part (i) with an excess of an animating agent Suitable animating agents 

10 include ammonia (e.g., in the form of ammonium hydroxide) and ammonium salts (e.g., 
ammonium carbonate, ammonium bicarbonate, ammonium phosphate). Ammonium 
hydroxide is preferred. The reaction is preferably carried out by dissolving the N-oxide of 
Formula XV in an inert solvent such as dichloromethane or chloroform, adding the 
animating agent to the solution, and then slowly adding the acylating agent 

15 In step (7) of Reaction Scheme I a Lff-imidazo[4,5^]qumolin-4-amine of Formula 

XVI is reacted with a compound of Formula Rj-SNa to provide a l#-imidazo[4,5- 
c]quinolin-4-amine of Formula XVII which is a subgenus of Formula I. The reaction can 
be carried out by combining a compound of Formula XVI with a compound of formula 
RiSNa in a suitable solvent such as N,N-dimethylformamide or dimethyl sulfoxide and 

20 heating (60-80°C). The product or a pharmaceuticalfy acceptable salt thereof can be 
isolated using conventional methods. 

In step (8) of Reaction Scheme I a l/f-imidazo[4,5^]quinolin-4-amine of Formula 

XVII is oxidized using a conventional oxidizing agent to provide a l#-imidazo[4,5- 
c]quinolin-4-amine of Formula XVIII which is a subgenus ofFonnula L Preferably a 

25 solution of a compound ofFonnula XVII in a suitable solvent such as chloroform or 

dichloromethane is treated with 3-chIoroperoxybenzoic acid at ambient temperature. The 
degree of oxidation is controlled by adjusting the amount of 3-chloroperoxybenzoic acid 
used in the reaction; i.e., using approximately one equivalent will provide the sulfoxide 
whereas using two equivalents will provide the sulfbne. The product or a pharmaceutical^ 

30 acceptable salt thereof can be isolated using conventional methods. 
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Reaction Scheme I 




Compounds of the invention can be prepared according to Reaction Scheme II 
where R, Ri, Ra, X and n are as defined above. 

In step (1) of Reaction Scheme n a 3-mtroqumolm-4-amine of Formula XII is 
reacted with a compound of the Formula R,-SNa using the method of step (7) of Reaction 
Scheme I to provide a 3-nitroquinolin-4-amine of Formula XDC 

In step (2) of Reaction Scheme n a 3-mtroquinolin-4-amine of Formula XK is 
reduced using fee method of step (3) of Reaction Scheme I to provide a quinoline-3,4- 
diamine of Formula XX. 
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In step (3) of Reaction Scheme II a quinoline-3 ,4-diamine of Formula XX is 
cyclized using flie method of step (4) of Reaction Scheme I to provide a lif-imidazo[4,5- 
c]quinoline of Formula XXI. 

In step (4) of Reaction Scheme n a l^T-imidazo[4,5-c]quinoline of Fonnula XXI is 
oxidized to provide a l/?-imidazo[4 f 5-<;]quinolin-5N-oxide of Fonnula XXQ using a 
conventional oxidizing agent Preferably a solution of a compound of Fonnula XXI in a 
suitable solvent such as chloroform or (Hchloromethane is treated with at least three 
equivalents of 3-chloroperoxybenzoic acid at ambient temperature. 

In step (5) of Reaction Scheme II a l-ff-imidazo[4,5-c]quinolin-5N»oxide of 
Formula XXII is animated using the method of step (6) of Reaction Scheme I to provide a 
lH-imidazo[4 I 5^]quinolin^amine of Formula XVm which is a subgenus of Fonnula L 
Hie product or a pharmaceutical^ acceptable salt thereof can be isolated using 
conventional methods. 



Reaction Scheme H 




(3) 
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Compounds of the invention can be preuarsd aet!nr M t , * „ . 
where PR p v j Prepared according to Reaction Scheme IH 

wnere R, Ri, x and n are as defined above 

P 3 * 4Khammo ^ mnolm -l-yl alcohol of Formula XXIV 
Instep(3)ofReactionScheinemaoiote C teHi^;. • 

ln8tep(4)ofReactionSchemeinalff.i m , , H» wl M< 7 ■ 

In step (6) of Reaction Scheme ITT th- 
cJqumohn-4-amine of Fonnula XXVEI p^u , . 1 ' 

anon*. Sometm^^ofpo^xj^ ' «™» 

, v, . A compound of Formula XXVUI can be heated nM » 

with Ihionyl chloride. Attentively nhosni™., 

„ . . ly ' Phosphorous oxychloride can be added in a 
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Steps (8) and (9) of Reaction Scheme IE can be carried out in the same manner as 
steps (7) and (8) respectively of Reaction Scheme L 



Reaction Scheme III 




XXVUI 









f 


XVIII 
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Compounds of the invention can be prepared according to Reaction Scheme IV 

where R, Ri , R2, X and n are as defined above and BOC is terf-butoxycarbonyl. 

In step (1) of Reaction Scheme IV the hydroxy group of a 6/7,8,9-tetrahydro-lH- 

imidazo[4,5-c]quinolin~l-yl alcohol of Formula XXIX is protected with a tert- 
5 butyldimethylsilyl group using the method of step (1) of Reaction Scheme HL 

Compounds of Formula XXK are known or can be prepared using known synthetic 

methods, see for example, Nikolaides, et al., U.S. Patent No.5,352,784 and Lindstrom, 

U.S. Patent No. 5,693,81 1 and references cited therein. 

In step (2) of Reaction Scheme IV die amino group of a liWmidazo[4,5- 
10 c]quinolin-4-amine of Formula XXX is protected using conventional methods to provide a ' 

protected l/f-imidazo[4,5-c]quinoline of Formula XXXL Preferably a compound of 

Formula XXX is treated with di-terf-butyl dicaibonate in a suitable solvent such as 

tetrahydrofuran in the presence of triethylamine and 4-dimethylaminopyridine. The 

reaction can be run at an elevated temperature (60°C). 
15 In step (3) of Reaction Scheme IV the tert-butyldimethylsilyl protecting group of a 

compound of Formula XXXI is removed using the method of step (6) of Reaction Scheme 

m to provide a lif-imidazo[4,5-c]quinolin-lyl alcohol of Formula XXXH 

In step (4) of Reaction Scheme IV a Lff-imidazo[4,5-c]quinolin-lyl alcohol of 

Formula XXXII is converted to a methanesulfonate of Formula XXXDX Preferably a 
20 solution of a compound of Formula XXXII in a suitable solvent such as dichloromethane 

is treated with methanesulfonyl chloride in the presence of triethylamine. The reaction can 

be run at a reduced temperature (-10°C). 

In step (5) of Reaction Scheme IV a methanesulfonate of Formula XXX3H is 

reacted with a thiol of formula RiSH to provide a thioether of Formula XXXIV. 
25 Preferably a solution of a compound of Formula XXXHI in a suitable solvent such as N, 

N-dimethylfonnamide is treated with the thiol in the presence of triethylamine. The 

reaction can be run at an elevated temperature (80°Q. 

In step (6) of Reaction Scheme IV the terf-butoxycarbonyl protecting groups are 

removed by hydrolysis under acidic conditions to provide a l//-imidazo[4,5-c]quinolin-4- 
30 amine of Formula XXXV which is a subgenus of Formula IL Preferably a solution of a 

compound of Formula XXXIV in a suitable solvent such as dichloromethane is treated at 
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ambient temperature with a solution of hydrochloric acid in dioxane. The product or a 
phannaceutically acceptable salt thereof can be isolated using conventional methods. 

In step (7) of Reaction Scheme IV a tbioether of Formula XXXV is oxidized using 
the method of step (8) of Reaction Scheme I to provide a sulfone or sulfoxide of Formula 
XXXVI which is a subgenus of Formula II. The product or a phannaceutically acceptable 
salt thereof can be isolated using conventional methods. 

Reaction Scheme IV 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where R, R, f Rj, x and n are as defined above. 

In step (1) of Reaction Scheme V a 6,7,8^-tetrabydro- W-imiaazot^quinolin- 
1-yl alcohol of Formula XXK is chlorinated using the method of step (7) of Reaction 
Scheme III to provide a compound of Formula XXXVII. 

In step (2) of Reaction Scheme V a compound of Formula XXXVH is reacted with 
a compound of formula R.-SNa using the method of step (7) of Reaction Scheme I to 
provide a thioemer of Formula XXXV which is a subgenus of Formula H. The product or 
a pharmaceutical^ acceptable salt thereof can be isolated using conventional methods. 

In step (3) of Reaction Scheme V a mioether of Formula XXXV is oxidized using 
the method of step (8) of Reaction Scheme I to provide a sulfone or sulfoxide of Formula 
XXXVI which is a subgenus of Formula H. The product or a pharmaceutical* acceptable 
salt thereof can be isolated using conventional methods. 
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Reaction Scheme V 




XXXVI 
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As used herein, the terms "alkyl", "alkenyl" and the prefix "alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
5 cycloalkenyL Unless otherwise specified, these groups contain from 1 to 20 carbon atoms, 
with alkenyl groups containing from 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropylmefhyl, cyclopentyl, cyclohexyl and adamantyl. 
10 In addition, the alkyl and alkenyl portions of -X- groups can be unsubstituted or 

substituted by one or more substituents, which substituents are selected from the groups 
consisting of alkyl, alkenyl, aryl, heteroaryl, heterocyclyl, arylalkyl, heteroarylalkyl, and 
heterocyclylalkyl. 

Hie term "haloalkyl" is inclusive of groups that are substituted by one or more 
1 5 halogen atoms, including perfiuorinated groups. This is also true of groups that include 
the prefix "halo-". Examples of suitable haloalkyl groups are chloromethyl, 
trifluoromethyl, and the like. 

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 
Examples of aryl groups include phenyl, naphthyi, biphenyl, fluorenyl and indenyl. The 
20 term ,t heteroaryF includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g. t O, S, N). Suitable heteroaryl groups include fcryl, thienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pynolyl, tetrazolyl, imidazolyl, 
pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, benzothiophenyl, caibazolyl, benzoxazolyl, 
pyrimidinyl, benzimidazolyl, quinoxalinyl, benzo thiazolyl, naphthyridinyl, isoxazolyl, 
25 iso&iazolyl, purinyl, quinazolinyl, and so on. 

"Heterocyclyl" includes non-aromatic rings or ring systems that contain at least 
one ring hetero atom (e.g., O, S, N) and includes all of the fully saturated and partially 
unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary 
heterocyclic groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl, 
30 piperidinyl, piperazinyl, thiazoHdinyl, imidazolidinyl, isothiazolidinyl, and the like. 

Hie aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected from the group consisting of alkyl, 
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alkoxy, alkylthio, haloalkyl, haloalkoxy, haloalkylthio, halogen, nita), hydroxy, mercapto, 
cyano, carboxy, fonnyl, aryl, aryloxy, arylthio, aiylalkoxy, aiylalkylthio, heteroaryl, 
heteroaryloxy, heteroarylthio, heteroarylalkoxy, heteroaiylallcylthio, amino, alkylamino, 
folkylaniino, heterocyclyl, heterocycloalkyl, alkylcaibonyl, dkenylcarbonyl, 




- - * j w—wigf kwuwtuuwujri) fliylcflxbonylj 

heteroarylcarbonyl, aiyloxycarbonyl, heteroaryloxycarbonyl, aiylthiocaibonyL 
heteroaiylthiocarbonyl, alkanoyloxy, aDcanoylthio, alianoylamino, aiylcaibonyloxy, 
atylcarbonyltbio, alkylaminosulfonyL alkylsulfonyl, aiylsulfonyl, heteroarylsulfonyl, 
aryldiazinyl, alkylsulfonylamino, aiylsulfonylamino, aiylalkylsulfonylamino, 
alkylcarbonylamino, alkenylcarbonylamino, arylcaibonylamino, arylalkylcarbonylamino, 
heteroarylcartorrylamino, heteroaryklkycarbonylaniino, alkylsulfonylamino, 
alkenylsulfonylamino, aiylsulfonylamino, aiylalkylsulfonylainino, 
heteroarylsulfonylamino, heteroaryklkylsulfonylamino, alkylammocaibonylamino, 
alkenylamiiiocarbonylainmo, aiylammocareonylamino, arylalkylainin^arbraylammo, 
heteroarylammocaibonylamino, heteroaiylalkylc^nylammo, and, in the case of 
heterocyclyl, oxo. If any other groups are identified as being "substituted" or "optionally 
substituted", men those groups can also be substituted by one or more of the above 
enumerated substituents. 

Certain substituents are generally preferred. For example, preferred X groups 
include ethylene and n-butylene and preferred R, groups are alkyl and aryl, with phenyl or 
substituted phenyl a preferred aryl group. Preferably no R substituents are present (i.e., n 
is 0). Preferred Rj groups include hydrogen, alkyl groups having 1 to 4 carbon atoms Cue., 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and cyclopropylmethyl), 
methoxyethyl, and ethoxymetfayl. One or more of these preferred substituents, if present, 
can be present in the compounds of the invention in any combination. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forms, mcludmg isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
optically active, the invention specifically includes each of the compound's enantiomers as 
well as racemic mixtures of the enantiomers. 
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Pharmaceutical Compositions and Biological Activfry 

Pharmaceutical compositions of me invention contain a therapeutically effective 
amount of a compound of the invention as described above in combination with a 
pharmaceutically acceptable carrier. 
5 The term "a therapeutically effective amount" means an amount of the compound 

sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Although the exact amount of active compound used in a 
pharmaceutical composition of the invention will vary according to factors known to those 
of skill in me art, such as the physical and chemical nature of the compound, the nature of 

10 the carrier, and the intended dosing regimen, it is anticipated mat the compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg, of the compound to the 
subject Any of the conventional dosage forms may be used, such as tablets, lozenges, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

15 patches, transmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
agent in fee treatment regimen, or the compounds of the invention may be administered in 
combination wife one another or wife other active agents, including additional immune 
response modifiers, antivirals, antibiotics, etc. 

20 The compounds of fee invention have been shown to induce fee production of 

certain cytokines in experiments performed according to fee tests set forth below. These 
results indicate feat fee compounds are usefol as immune response modifiers feat can 
modulate fee immune response in a number of different ways, rendering them useful in fee 
treatment of a variety of disorders. 

25 Cytokines whose production may be induced by fee administration of compounds 

according to the invention generally include mterferon-a (IFN-a) and/or tumor necrosis 
factor-a (TNF-a) as well as certain mterleukms (IL). Cytokines whose biosynthesis may 
be induced by compounds of fee invention include IFN-a, TNF-a, IL-1, JL-6, EL- 10 and 
IL-I2, and a variety of ofeer cytokines. Among other effects, these and other cytokines 

JO can inhibit virus production and tumor cell growth, making fee compounds useful in fee 
treatment of viral diseases and tumors. Accordingly, the invention provides a method of 
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inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal 

Certain compounds of the invention have been found to preferentially induce the 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without 
concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of the innate immune response. For example, natural 
killer cell activity may be stimulated, an effect that may be due to cytokine induction. The 
compounds may also activate macrophages, which in tan stimulates secretion of nitric 
oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and differentiation of B-lymphocytes. 

Compounds of fee invention also have an effect on fee acquired immune response. 
For example,, although there is not believed to be any direct effect on T cells or direct 
induction of T cell cytokines, fee production of the T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and fee production of fee T helper type 2 (Th2) cytokines IL-4, IL-5 
and IL-13 are inhibited upon administration of the compounds. This activity means that 
fee compounds are useful in fee treatment of diseases where upregulation of fee Thl 
response and/or downregulation of fee Th2 response is desired. In view of the ability of 
compounds of fee invention to inhibit fee Th2 immune response, fee compounds are 
expected to be useful in fee treatment of atopic diseases, e.g., atopic dermatitis, asthma, 
allergy, allergic rhinitis; systemic lupus eryfeematosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
fee treatment of a wide variety of conditions. Because of their ability to induce fee 
production of cytokines such as IFN-a and/or TNF-a, fee compounds are particularly 
useful in fee treatment of viral diseases and tumors. This immunomodulating activity 
suggests feat compounds of fee invention are useful in treating diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type II; molluscum contagiosum; 
variola, particularly variola major, HIV; CMV; VZV; rhinovirus; adenovirus; influenza; 
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and para-influenza; intraepithelial neoplasias such as cervical intraepithelial neoplasia; 
human papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, 
aspergillus, and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, 
hairy cell leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, 
myelogenous leukemia, multiple myeloma, melanoma, non-Hodgkin's lymphoma, 
cutaneous T-cell lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis 
carnii, cryptosporidiosis, histoplasmosis, toxoplasmosis, tiypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using the compounds of the invention 
include actinic keratosis; eczema; eosinophilia; essential thrombocythaemia; leprosy; 
multiple sclerosis; Ommen^ syndrome; discoid hipus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; the inhibition of Keloid formation after surgery and other types 
of post-surgical scars. In addition, these compounds could enhance or stimulate the 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
the opportunistic infections and tumors that occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

An amount of a compound effective to induce cytokine biosynthesis is an amount 
sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-ct, 
TNF-o, EL-1, BL-6, IL-lOand IL-12 that is increased over the background level of such 
cytokines. The precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of the manifestations of viral infection, such as viral 
lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
amount that will cause a reduction in tumor size or in the number of tumor foci Again, 
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the precise amount will vaiy according to factors known in the art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

Example 1 
2-butyl-l-[4<pherryltmo)b^ 

I 




PartA 

A round bottom flask was charged with a magnetic stir bar, 4-chloro-3- 
nitroqurnoline (109.70 g, 525.87 mmol) and dichloromemane (500 mL). To the solution 
was added triethylamine (79.82 g, 788.81 mmol) and4-amino-l-butanol (46.87 g, 525.87 
mmol) to give a homogeneous, dark yellow solution. The reaction was judged to be 
complete after heating at reflux for 30 minutes. The solution was cooled and then 
partitioned between chloroform and saturated aqueous ammonium chloride. The layers 
were separated and the aqueous layer was extracted with chloroform (lx). The organic 
layers were combined and then concentrated under reduced pressure to afford of 4-[(3- 
mtroq^hn^yI)arnino]butan-l-ol (104.67 g, 400.60 mmol) as a dark yellow solid. This 
material was used without further purification. 
20 PartB 

A round bottom flask was charged with a magnetic stir bar, 4-[(3-mtroquinolin-4- 
yOanmo]butan-l-ol (5.0 g, 19.14 mmol), trie%lamine (2.91 g, 28.71 mmol), tort- 
butyldhnethylsilyl chloride (3.75 g, 24.9 mmol), 4^ethylammopyridine (0.10 g) and 
chloroform (40 mL) to give a dark yellow solution. The reaction was judged was to 
25 complete after stirring at ambient temperature for 2 hours. The solution was partitioned 
between ethyl acetate and saturated aqueous ammonium chloride. The layers were 
separated and the organic layer was washed with saturated aqueous sodium bicarbonate, 
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dried over anhydrous sodium sulfate, filtered and then concentrated under reduced 
pressure to a£foriiVK4-{[tert-^^^ 

(6.05 g, 16.1 1 mmol) as a yellow-green solid. This material was used without further 
purification. MS (CI) for Ci^NaCfeSi m/z 376 (MH*), 342, 210. 
5 PartC 

A Pair vessel was charged with^4-{[/ert-butyl(dimethyI)silyl]oxy}butyl)-3" 
nitroquinolin-4-amine (6.05 g, 16.1 1 mmol), 5% platinum on carbon (3.0 g), and toluene 
(32 mL). The vessel was placed on a Pair shaker and pressurized to 50 psi (3.5 Kg/cm 2 ) 
hydrogen. After shaking for one hour, more catalyst (3.0 g) and toluene (15 mL) were 

10 added and the vessel was pressurized to 50 psi (3.5 Kg/cm 2 ) hydrogen and shaking 
continued. The reaction was judged to be complete after one hour. Hie catalyst was 
removed by filtration through fluted paper. The filter cake was washed with toluene (50 
mL) and the filtrates were combined. The volatiles were removed under reduced pressure 
to afford #K^[^*utyl(dimethyl^ (5.57 & 16.11 

15 mmol) as a dark oil. The material was used without further purification. 
PartD 

A round bottom flask was charged with a magnetic stir bar, N-iA-{[tert" 
bu1yl(dimetbyl)sflyl]oxy} (5.57 & mmo^ trimethyl 

orthovalerate (5.23 g, 32.22 mmol) and toluene (47 mL). The reaction was heated to 
20 maintain a reflux that brought about a slow distillation to fecilitate removal of the 

methanol byproduct The reaction was judged to be complete after 15 hours at reflux. 
The reaction was cooled and the volatiles were removed under reduced pressure to afford 
of2^utyl-H4-{[ferNb^ 

g, 11.30 mmol) as a thick, daric brown oiL The material was used without further 
25 purification. MS (CI) for CwHjrNaOSi m/z 412 (MH*), 298. 
PartE 

A round bottom flask was charged with a magnetic stir bar, 2-butyUl-(4'{[tert' 
butyl(dmethyl)snyl]oxy}bu^ (4.65 g, 11.30 mmol) and 

chloroform (57 mL). Solid 3-chloroperbenzoic acid (2.78 g, 12.43 mmol) was added 
30 portion wise to the solution over 1 5 minutes and the reaction was stirred at ambient 

temperature for 1 hour. More 3-chloropeibenzoic acid (OJg, 2.9 mmol) was added and 
after 30 minutes the starting material was completely consumed. The solution was 
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partitioned between chloroform and aqueous saturated sodium bicarbonate. The layers 
were separated. The organic layer was washed with saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfite, filtered and then concentrated under 
reduced pressure to afford 24>uWM4-{[t e rtA>utyKdh ae tyl) s a y l]oxy}brityiyiff- 
5 unidazo^S^quinoline-SN-oxide (4.83 g, 11.30 mmol) as a dark oil. The material was 
used without further purification. 
PartF 

A round bottom flask was charged with a magnetic stir bar, 2*utyl-K4-{[tert. 
butyl(dimethyl)si^ (1 , 30 ^ ^ " 

anhydrous dimethyl formamide (57 mL) under a nitrogen atmosphere. Phosphorus 
oxychloride (1.91 g, 12.43 mmol) was added to me reaction mixture in a drop wise fashion 
to give a homogeneous solution after complete addition. The reaction was judged to be 
complete after stirring for 1 .5 hours at ambient temperature and was men partitioned 
between mcUoromethane and saturated aqueous sodium bicarbonate. The layers were 
separated and me organic portion was washed with aqueous 'saturated sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced pressure to afford 2-butyl^Uoro^M™^ 
(3.65 g, 10.42 mmol) as a dark brown solid. The material was used without further 
purification. MS (CI) for C18H21CI2N3 m/z 350 (MH*), 314. 
20 PartG 

A round bottom flask was charged with a magnetic stir bar, 2-butyM-chloro-l-(4- 
cm< OT butyI>l//.irnida Z o[4,5^]a>ioline (1.18 g, 3.37 mmol), benzenethiol (0.56 g, 5.05 
mmol), triemylamme (0.68 g, 6.74 mmol), and dimethyl formamide (15 mL) under a 
nitrogen atmosphere. The reaction mixture was heated to 80 °C to give a homogeneous 
25 solution that was maintained at 80 °C for 2.5 hours. HPLC analysis indicated no starting 
™^»da3:lmixtumof2-butyl^^ 
c]qumolme and 2*tttyl^beirylfh^ 

c]quinolme. The solution was cooled and then partitioned between ethyl acetate and 
aqueous saturated sodium bicarbonate. The layers were separated and the organic layer 
3 0 was washed with aqueous saturated sodium bicarbonate and brine, dried over anhydrous 
sodium sulfate, filtered and then concentrated under reduced pressure to afford a 3:1 
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mixture of the products named above (1 .43 g). The material was used without further 

purification. 

PartH 

A 3:1 mixture of 2-butyl-4-cMoro-l-[4-(phenyl^ 
5 c]quinoline to 2-butyl-4-(pheityl1hio>l-[4-^ 

(1.38 g) and a solution of 7% ammonia in methanol (30 mL) were combined in a bomb 
and heated to ISO °C. The reaction was judged to be complete after 5 hours. The volatiles 
were removed under reduced pressure and the resulting residue was stirred in water and 
made basic (pH 10) with solid sodium carbonate. The aqueous mixture was extracted with 

10 chloroform (3x). The combined organic layers were washed with saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and then 
concentrated under reduced pressure to afford a yellow crystalline solid. The solid (0.8 g) 
was dissolved in ethyl acetate (50 mL) and brought to reflux. Activated charcoal (0.4 g) 
was added; the resulting mixture was heated at reflux for 5 minutes and then die charcoal 

IS . was removed by filtration through fluted paper to provide a colorless solution. The 

solution was concentrated under reduced pressure to give a solid that was recrystallized 
from ethyl acetate and hexanes to provide 2-butyl-l-[4-(phenylthio)butyl]-l//- 
imidazo[4,5-c]quinolin-4-amine (0.51 g, 1.25 mmol) as white needles, m.p. 1 18-120 °C. 
Analysis. Calculated for C24H28N4S: %C 7125; %H, 6.98; %N, 13.85. Found %C 71.12; 

20 %H, 6.81; %N, 13.62 

'H-NMR (300 MHz, DMSO) 5 8.02 (d, J - 8.3 Hz, 1H), 5 7.61 (d, J = 8.3 Hz, 1H), 5 7.41 
(t, J - 8.3 Hz, 1H), 8 7.16-7.30 (m, 6H), S 6.46 (bs, 2H), 8 4.52 (t, J - 7.6 Hz, 2H), 8 3.02 
(t, J « 7.3 Hz, 2H), 5 2.89 (t, J « 7.8 Hz, 2H), 8 1.95 (m, 2H), 8 1.75 (m, 4H), 8 1.43 
(sextet, J - 7.3 Hz, 2H), 8 0.94 (t, J - 7.3 Hz, 3H) 

25 MS (CI) for C24H28N4S m/z 405 (MH*), 282, 241 
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Example 2 

2-butyl.l.[2-(pheiiyltmo)e%l]-6 > 7,8 > 9-tet ra hydro- 
l^-imidazo[4,5^]qumoIin-4^mine hydrochloride 

IT* 




FaitA 



material was used without further purification. 
PartB 

c J^ta-4Hmiir*and2^^^^ 
^"^^ 

(1 .6 g) and a 1 M solution ofacetic acid in dicUommethane (85 mL) to provide a 
homogenous solution. The reaction was judged to be complete after stirring at ambient 
^ratureforSOrninutes. The solution was partitioned between chlorofbrm and brine 
Ihe layers were separated and the organic layer was washed with aqueous saturated 
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sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and then 
concentrated under reduced pressure to afford a dark brown oil. The material was purified 
by chromatography over silica gel (95/4/1 dicUoromethane/methanoVammonium 
hydroxide [14.8 M in water]) to provide 2-butyl-l-(2-{[terf- 
5 bu1yl(dimethyl)silyl]oxy} ethyI)^,7,8,9-tetrahydro-Lff-M 
(1.24 g, 3.10 mmol) as a colorless oil 
Parte 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l -(2- { [tert- 
butyl(dimethyl)sifyl]oxy}e%^ 

0 (0.83 g, 2.06 mmol), di-tert-butyl dicaibonate (1.79 g, 8.24 mmol), triethylamine (0.52 g, 
5.15 mmol), 4-dimethylaminopyridine (0.1 g), and anhydrous tetrahydrofuran (21 ml) 
under a nitrogen atmosphere. The reaction mixture was heated to 60 °C to give a 
homogeneous solution that was maintained at 60 °C for 2.5 hours at which time the 
reaction was judged to be complete. The solution was cooled to ambient temperature and 

5 a 1 M solution of tetrabutylammonium fluoride in tetrahydrofuran (2.27 mL, 2.27 mmol) 
was added. The reaction was judged to be complete after stirring at ambient temperature 
for 30 minutes. The solution was partitioned between ethyl acetate and saturated aqueous 
ammonium chloride. The layers were separated. The organic layer was washed with 
saturated aqueous sodium bicarbonate and brine, dried over anhydrous sodium sulfite, 

0 filtered and then concentrated under reduced pressure to afford a light yellow solid. The 
material was purified by chromatography over silica gel (95/5 dichloromethane/methanol) 
to provide di(terf-butyl) 2-butyl-H2-hydroxyethyl)^J,8,9-^ 
c]quinolin-4-ylimidodicarbonate (0.55 g, 1.13 mmol) as a clear gum. 
PartD 

5 A round bottom flask was charged with a magnetic stir bar, di(fert -butyl) 2-butyl- 

l-(2-hydroxyethyl)-6,7,8,9-tet^^ 

(0.55 g, 1.13 mmol) and anhydrous dichloromethane (1 1 mL) under a nitrogen 
atmosphere. The resulting homogeneous solution was cooled to -10 °C in a methanol/ice 
bath. To the cooled solution was added triethylamine (0.23 g, 2.26 mmol) and 
0 methanesulfonyl chloride (0.19 g, 1.70 mmol). The reaction was judged to be complete 
after stirring at -10 °C for 15 minutes and was then partitioned between ethyl acetate and 
saturated aqueous ammonium chloride. The layers were separated. The organic layer was 
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washed with saturated aqueous sodium bicarbonate and brine, dried over anhydrous 
sodium sulfite, filtered and then concentrated under reduced pressure to afford 2-{4- 
[bis(ter^butoxycaftonyl)a 

yl}ethyl methanesulfonate (0.61 g, 1.08 mmol) as a gummy yellow solid. The material 
5 was used without further purification. MS (CI) for C27H42N4O7S m/z 567 (MH 4 ), 467, 
367,271. 
PartE 

A round bottom flask was charged with a magnetic stir bar, 2-{4"\bis(tert- 
butoxycarbonyl)ammo]-2-bu^ 

10 methanesulfonate (0.61 g, 1 .08 mmol), benzenethiol (021 g, 1 .88 mmol), triethylamine 
(0.25 g, 2.43 mmol) and anhydrous dimethyl fonnamide (1 1 mL) under a nitrogen 
atmosphere. The reaction mixture was heated to 80 °C to give a dark yellow, 
homogeneous solution that was maintained at 80 °C for 2.5 hours at which time the 
reaction was judged to be complete. The solution was cooled and then partitioned 

IS between ethyl acetate and saturated aqueous sodium bicarbonate. The layers were 

separated. The organic layer was washed with saturated aqueous sodium bicarbonate and 
brine, dried over anhydrous sodium sulfate, filtered and then concentrated under reduced 
pressure to afford a yellow oil. The material was purified by chromatography over silica 
gel (95/5 dichloromethane/methanol) to provide di(ferf-butyl) 2-butyl-l-[2- 

20 (phenyltfto)ethylH,^ 

(0.54 g, 0.93 mmol) as a light yellow oil. MS (C3) for C32H44N4O4S m/z 581 (MH*), 481, 

381,245. 

PartF 

A round bottom flask was charged with a magnetic stir bar, di(tert-butyl) 2-butyl- 

25 l-[2^heiylthio)etoyq 

ylimidodicarbonate (0.50 g, 0.86 mmol), a 4 M solution of hydrochloric acid in dioxane (5 
mL), and dichloromefhane (5 mL). The reaction was judged to be complete after stirring 
at ambient temperature for 2 hours. The volatiles were removed under reduced pressure to 
afford an off white solid. The material was recrystallized from acetonitrile to provide 2- 

30 butyl-l-[2^henylthio)ethy^ 

hydrochloride (0.17 g, 1.30 mmol) as fluffy white needles, m.p. 237-238 °C. Analysis. 
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Calculated for C22H28N4S -(HaO^ ■ (HC1) 2 : %C 57.70; %H, 6.71; %N, 1223. Found %C 
57.62; %H, 6.57; %N, 12.41 

'H-NMR (300 MHz, DMSO) 8 7.81 (bs, 2H), 6 7.22-7.39 (m, 5H), 8 4.64 (t, J - 6.8 Hz, 
2H), 8 3.40 (t, J = 6.8 Hz, 2H), 8 2.75 (m, 6H), 8 1.71 (m, 6H), 8 1.34 (sextet, J = 7.3 Hz, 
2H), 8 0.89 (t, J - 7.3 Hz, 3H) 

MS (CI) for C22H28N4S (H 2 0)i/ 4 (HC1)2 m/z 381 (MH*), 245, 137 

Example 3 
2-butyl-l-[4-(phenylsulfonyI)b^ 

IjlHj 

5T 




10 

Part A 

Using the general method of Example 1 Part E, 2-butyM-(4-{[terf- 
butyl(dimethyl)sflyl]oxy}b^ (16.0 g, 38.87 mmol) was 

oxidized to 2-butyl-l<4-{[^^tyl^^ 
IS c]quinoline-5N-oxide (16.61g, 38.87 mmol) which was isolated without purification as a 
tan solid 
Part B 

A round bottom flask was charged with a magnetic stir bar, 2-butyhl -(4- {[teri- 
butyl(dime%I)sayl^ (16.61 g, 38.87 

20 mmol), a 14.8 M solution of ammonium hydroxide in water (75 mL) and chloroform (200 
mL). To die rapidly stirring solution was added /rtoluenesulfonyl chloride (8. 1 5 g, 42.76 
mmol) in a portion wise fashion resulting in a mild exotherm. The reaction was judged to 
be complete after stirring at ambient temperature for 10 minutes. The solution was 
partitioned between chloroform and aqueous saturated sodium bicarbonate. The layers 

25 were separated. The organic layer was washed with saturated aqueous sodium bicarbonate 
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and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced pressure to afford an off-white solid. The material was triturated with ethyl ether 
and collected fay filtration to provide 2-butyl-l-(4-{[/ert-butyl(dimethyl)silyl]oxy}butyl)- 
lH-imidazo[4,5-c]quinolm^-amine (9.3 g, 21.80 mmol) as a fine white powder. The 
5 material was used without further purification. 
PartC 

A round bottom flask was charged with a magnetic stir bar, 2-butyH-(4-{[terf- 
butyl(dime%l)sflyl]oxy}butylH (9-2 g, 21.56 mmol), 

a 1M solution of tetrabutylammonium fluoride in tetrahydrofuran (23.72 mL, 23.72 

10 mmol), and anhydrous tetrahydrofuran (100 mL) to give a homogeneous, light orange 

solution. The reaction was judged to be complete after stirring at ambient temperature for 
1 hour. While stirring, water (100 mL) was added and resulted in a mild exothenn. The 
volatiles were removed under reduced pressure until a solid precipitated out of solution. 
The solid was collected by filtration and washed with water (20 mL) and acetone (20 mL) 

IS to afford a white solid. The material was triturated with ethyl ether (50 mL) and collected 
by filtration to provide 4^4-amino-2-butyl-lif-im^ 
(6.12 g, 19.59 mmol) as a fine white solid, m.p. 184-186 °C. 

Analysis. Calculated for C18H24N4O: %C 69.20; %H, 7.74; %N, 17.93. Found %C 69.05; 
%H, 8.02; %N, 18.03 
20 MS (CI) for C18H24N4O m/z 313 (MH*) 
PartD 

A round bottom flask was charged with a magnetic stir bar, 4-(4-amino-2-butyl- 
lH-imidazo[4,5-c]quinolin-l-yI)butan-l-ol (7.3 g, 23.37 mmol), triethylamine (3.55 g, 
35.06 mmol), and anhydrous dimethyl formaznide (93 mL) under a nitrogen atmosphere. 

25 To die stined solution was added phosphorus oxychloride (3.94 g, 25.70 mmol) in a drop 
wise fashion resulting in an exothenn to give a dark yellow heterogeneous reaction 
mixture. The reaction mixture was heated to 60 °C to give a homogeneous solution that 
was maintained at 60 °C for 5 hours at which time the starting material was completely 
consumed. The volatiles were removed under reduced pressure to give a dark brown oil. 

30 The material was partitioned between chloroform and saturated aqueous sodium 
bicarbonate. The layers were separated and the aqueous layer was extracted with 
chloroform (lx). The organic layers were combined and the volatiles removed under 
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reduced pressure to afford a 2:1 mixture of A^-[2-butyl-l-(4^hlorobutyl)-l/T-iinidazo[4,5- 
c]quinolin^yl]-7/^-dime%limidofonnamide and 2-butyl-l -(4-chlorobutyl)-li/- 
inudazo[4,5-c]quinolin-4-amine (7.70 g) as an off-white solid. The material was used 
without further purification. 
5 PartE 

A round bottom flask was charged with a magnetic stir bar, a 2: 1 mixture of jV-[2- 
butyl-l-(4<Uorobutyl)-lif-i^ 

and 2-butyl- 1 -(4-chlorobutyl)- l#-imidazo[4,5-c] qiimolin-4-amine (1.3 g), benzenesulfinic 
acid sodium salt (1 .67 g* 10.1 1 mmol), and anhydrous dimethyl formamide (15 mL) under 

0 a nitrogen atmosphere. The resulting solution was heated to 1 00 °C to give a 

homogeneous solution that was maintained at 100 °C for 90 hours at which time the 
starting materials were completely consumed. The solution was cooled and then 
partitioned between chloroform and water. The layers were separated. The organic layer 
was washed with saturated aqueous sodium bicarbonate and brine, dried oyer anhydrous 

5 sodium sulfate, filtered and then concentrated under reduced pressure to afford a dark 
yellow gum. The material was dissolved in methanol (20 mL) and a 4 M solution of 
hydrochloric acid in dioxane (3.02 mL, 12.1 mmol). The light orange solution was stirred 
at ambient temperature for 12 hours at which time the reaction was judged to be complete. 
The volatiles were removed under reduced pressure to give a light yellow gum. The 

0 material was partitioned between chloroform and saturated aqueous sodium bicarbonate. 
The layers were separated and the aqueous layer was extracted with chloroform (lx). The 
organic layers were combined, washed with brine, dried over anhydrous sodium sulfate, 
filtered and then concentrated under reduced pressure to afford a light yellow solid. The 
material was purified by chromatography over silica gel (9S/S dichloromethane/metfaanol) 

15 to give an off-white solid The solid (0.63 g) was dissolved in ethyl acetate (50 mL) and 
brought to reflux. Activated charcoal (0.6 g) was added and the resulting mixture was 
heated at reflux for 5 minutes. The charcoal was removed by filtration through fluted 
paper to provide a colorless solution. The solution was concentrated under reduced 
pressure to give a solid that was recrystallized from ethyl acetate and hexanes to provide 

10 2-butyH -[4-(phenylsulfonyI)butyI]- lH-imidazo[4,5-c]q^oIin-4-amine (0.37 g, 0.85 
mmol) as a white fluffy solid, m.p. 179-180 °C. Analysis. Calculated for CuEfesN^S: 
%C 66.03; %H, 6.46; %N, 12.83. Found %C 65.88; %H, 6.49; %N f 12.76 
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'H-NMR (300 MHz, DMSO) 5 7.98 (d, J = 8.3 Hz, IE), 5 7.82 (m, 2H) 8 7.73 (d, J = 7 3 
Hz, 1H), 5 7.62 (m, 3H) 8 7.41 (t, J - 7.6 Hz, 1H), 8 7.22 (t, J = 7.6 Hz, 1H), 8 6.45 (bs, 
2H), 84.51 (t, J = 7.3 Hz, 2H), 8 3.90 (t, J = 7.8 Hz, 2H), 8 2.86 (t, J = 7.6 Hz, 3H), 5 
1.69-1 .90 (m, 6H), 8 1.43 (sextet, J - 73 Hz, 2H), 8 0.95 (t, J - 7.3 Hz, 3H) 
MS (CI) for CmHmMOiS m/z 437 (MH*), 295 

Example 4 
2-butyl-H4-(mefbyltMo)^ 




10 Part A 

A round bottom flask was charged with a magnetic stir bar, a 2:1 mixture of iV-[2- 
butyl-l-(4-cMorobutyl)-l#-inrida^^ 

and 2-butyl-l -(4-chlorobutyI)- LE-imidazo[4,5-c]quinolin-4-amine (6.17 g), a 4 M solution 
of hydrochloric acid in dioxane (21.15 mL, 84.56 mmol), and methanol (200 mL) to 

15 provide a light orange solution. The reaction was judged to be complete after stirring at 
ambient temperature for 43 hours. The volatfles were removed under reduced pressure 
and die resulting light yellow solid was partitioned between chloroform and saturated 
aqueous sodium bicarbonate. The layers were separated and the aqueous layer was 
extracted with chloroform (lx). The organic layers were combined, dried over anhydrous 

20 sodium sulfate, filtered and then concentrated under reduced pressure to afford 2-butyl-l- 
(4-cUorobutyl>lH-inrio^[4,5^]qumolm^amme (4.65 g, 14.05 mmol) as an off-white 
solid. The material was used without further purification. MS (CI) for CigH^Cm, m/z 
331 (MH*), 295. 
PartB 

25 A round bottom flask was charged with a magnetic stir bar, 2-butyl-l -(4- 

cMorobutyIHff-mri<iazo[4,5-c]q (1.5 g, 4.53 mmol), sodium 

fhiomethoxide (0.48 g, 6.80 mmol), and anhydrous dimethyl formamide (18 mL) under a 
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nitrogen atmosphere. Tht reaction mixture was heated to 60 °C to give a homogeneous 
solution that was maintained at 60 °C for 1 6 hours at which time the starting material was 
completely consumed. The solution was cooled and then partitioned between chloroform 
and water. The layers were separated and the organic layer was washed wife saturated 
5 aqueous sodium bicarbonate. The combined aqueous layers were extracted with 
chloroform (lx). The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfate, filtered and then concentrated under reduced pressure to afford 
a dark brown oil The material was purified by chromatography over silica gel (90/10 
dichloromethane/methanol) to provide a ligjht yellow solid. The solid was recrystallized 
1 0 from dimethyl formamide and water to give 2-butyI-l-[4-(methyIthio)butyI]-Lff- 

imidazo[4,5^]quinolin-4-amine (0.83 g, 2.42 mmol) as light yellow needles, m.p. 127-130 
°C. 

Analysis. Calculated for CwHasN^: %C 66.63; %H, 7.65; %N, 16.36. Found %C 66.68; 
%H, 7.53; %N, 16.35 

15 H-NMR (500 MHz, DMSO) 8 8.04 (d, J = 8.3 Hz, 1H), 6 7.61 (d, J - 83 Hz, 1H), 8 7.41 
(t, J = 8 3 Hz, 1H), 8 7.25 (t, J = 8.3 Hz, 1H), 8 6.43 (bs, 2H), 8 4.52 (t, J = 7.6 Hz, 2H), 8 
2.92 (t, J = 7.8 Hz, 2H), 8 2.53 (t, J « 7.3 Hz, 2H), 6 2.01 (s, 3H), 8 ISO (m, 2H) S 1.80 (p, 
J = 7.8 Hz, 2H) 6 1 .71 (p, J - 7.3 Hz, 2H) 8 1.46 (sextet, J - 7.3 Hz, 2H), 8 0.96 (t, J - 7.3 
Hz,3H) 

20 MS (CI) for C19H26N4S m/z 343 (MH*), 295, 241 
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Example 5 

2-butyl-l -[4^metbylsulfonyl)butyl]-l#-i^ 




Part A 

5 A round bottom flask was charged with a magnetic stir bar, 2-butyl-l -[4- 

(methyltMo)butyl]-lH-imi^^ (1.2 g, 3.50 mmol), and 

chloroform (18 mL). Solid 3-chloroperbenzoic acid (1.72 g, 7.71 mmol) was added to the 
resulting solution portion wise over 1 S minutes. The reaction was judged to be complete 
after stirring at ambient temperature for 5 minutes. The solution was partitioned between 

10 chloroform and 1% aqueous sodium carbonate. The layers were separated and the organic 
layer was washed with brine, dried over anhydrous sodium sulfate, filtered and then 
concentrated under reduced pressure to afford a light brown solid. The material was 
purified by chromatography over silica gel (90/10 dichloromethane/methanol) to provide 
an off-white solid. The solid was recrystallized from acetonitrile and water to give 2- 

1 5 butyl4-[4-(methylsulfonyl)butyl]-lH-imidazo[4,5^ (0.61 g, 1 .63 

mmol) as off-white needles, m.p. 164-165 °C. 

Analysis. Calculated for C19H26N4O2S: %C 60.94; %H, 7.00; %N, 14.96. Found %C 
60.71; %H, 6.94; %N, 14.94 

l H-NMR (300 MHz, DMSO) 5 8.03 (d, J - 8.3 Hz, 1H), 8 7.61 (d, J - 8 3 Hz, 1H), 5 7.42 
20 ft J - 8.3 Hz, 1H), 6 7.26 ft J - 8.3 Hz, 1H), 8 6.46 (bs, 2H), 6 4.56 ft J - 7.6 Hz, 2H), 8 
3.21 ft J - 73 Hz, 2H), 8 2.96 (s, 3H), S 2.93 ft J = 7.8 Hz, 2H), 8 1.91 (m, 4H), 8 1.81 
(p, J - 7 .3 Hz, 2H), 8 1 .45 (sextet, J = 7.3 Hz, 2H), 8 0.96 ft J = 7.3 Hz, 3H) 
MS (CI) for C19H26N4O2S m/z 375 (MH 4 ), 295 
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Example 6 
l-[2-(phenylthio)ethyl]-l#-M^ 

NH 2 




Part A 

5 A round bottom flask was charged with a magnetic stir bar, 2-(4-amino-lfl'- 

imidazo[4,5-c]quinolin-l-yl)ethanol (8.46 g, 37.06 mmol), and thionyl chloride (68.99 g, 
57.99 mmol) under a nitrogen atmosphere. The reaction mixture was heated to 80 °C to 
give a heterogeneous reaction mixture that was maintained at 80 °C for 2 hours at which 
time the starting material was completely consumed. "The solution was cooled and 

10 quenched by the addition of water (400 mL). To the stirred solution was added solid 
sodium carbonate until the pH reached 1 0 at which time a solid precipitated out of 
solution. The solid was collected by filtration to afford l-(2^Woroe%l>li/'-imidazo[4,5- 
c]quinolin-4-amine (7.86 g, 31.86 mmol) as an off-white solid. The material was used 
without further purification. 

15 PartB 

A round bottom flask was charged with a magnetic stir bar, l-(2-chloroethyl)-li7- 
inridazo[4,5H:]quinolin-4-amine (2.0 g, 8.11 mmol), sodium benzenethiolate (1.79 g, 12.16 
mmol), and anhydrous dimethyl sulfoxide (40 mL) under a nitrogen atmosphere. Hie 
reaction mixture was heated to 100 °C to give a homogeneous solution that was 

20 maintained at 100 °C for 30 minutes at which time the starting material was completely 

consumed The hot solution was poured into rapidly stined water (300 mL) which caused 
a solid to precipitate out of solution. The solid was collected by filtration to afford an off- 
white solid. The material was triturated with acetonitrile and collected by filtration to give 
l-[2-(phenylthio)e%l]-li^^ (2.08 g, 6.49 mmol) as an off- 

25 white powder, m. p. 233-235 °C. 
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Analysis. Calculated for CigH^S: %C 67.47; %H, 5.03; %N, 17.49. Found: %C 67.20; 
%H, 4.95; %N, 17.52 

te-NMR (300 MHz, DMSO) 5 8.14 (s, 1H), 5 7.76 (d, J« 8.3 Hz, 1H), 5 7.60 (t, J - 8.3 
Hz, 1H), 5 7.28-7.44 (m, 6H), 8 7.12 (t, J = 8.3 Hz, 1H), 5 6.58 (bs, 2H), 8 4.79 (t, J - 6.8 
Hz, 2H), 8 3.48 (t, J - 6.8 Hz, 2H) 
MS (CI) for C l8 Hi6N4S mlz 321 (MH*), 185, 137 

Example 7 

l-[4-(phenylsulfonyl)butyl]-li^imidazo[4,5^]quin 




10 

Part A 

A round bottom flask was charged with a magnetic stir bar, A^Z-dibenzyl-Lff- 
imidazo[4,5-c]quinolin-4-aniine (20.0 g, 55.04 mmol), sodium hydride (3.3 g, 60% 
dispersion, 82.56 mmol), and anhydrous dimethyl formamide (275 mL) under a nitrogen 

1 5 atmosphere. After the reaction mixture had stirred at ambient temperature for 2 hours, 4- 
chloro-1 -iodobutane (1923 g, 88.06 mmol) was added and the resulting homogeneous 
solution was stirred at ambient temperature for 48 hours at which time the starting material 
was consumed. The solution was partitioned between ethyl acetate and water. The layers 
were separated and the organic layer was washed with saturated aqueous sodium 

20 bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and then concentrated 
under reduced pressure to afford a ligjht yellow solid. The material was recrystallized from 
ethyl acetate and hexanes to give A^-dibenzyl- 1 -(4-chlorobutyl)- 1/f-imidazo [4,5- 
c]qumolin-4-amine (20,7 g, 45.49 mmol) as white needles. MS (CI) for C28H27CIN4 mlz 
455 (MH*), 365,329,239 
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PartB 

A round bottom flask was charged with a magnetic stir bar, AW-dibenzyl-l-(4- 
cMorobutyl)-l/r-miidazo[4,5^]qumolm^amme (7.0 g, 15.38 mmol), sodium 
benzenethiokte (3.46 g, 26.15 mmol), and anhydrous dimemyl formamide (77 mL) under 
5 a nitrogen atmosphere. The reaction mixture was heated to 60 °C to give a heterogeneous 
mixture that was maintained at 60 °C for 4 hours at which time the starting material was 
completely consumed. The cooled solution was partitioned between ethyl acetate and 
water. The layers were separated. The organic layer was washed with saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and then 
10 concentrated under reduced pressure to afford a colorless oil The material was purified 
by chromatography over silica gel (80/20 hexanes/ethyl acetate) to provide AyV-dibenzyl- 
144^henyltMo)butyl]-l/f-imidazo[4^^]qiiinolin^amine (7.5 g, 14.19 mmol) as a 
colorless oil. MS (CI) for C34H32N4S m/z 529 (MH 4 ), 439, 349 
PartC 

15 A round bottom flask was charged with a magnetic stir bar, i\W-diben2yl-l-[4- 

(phenyltWo)butyy^^ & 6#88 mi 

chloroform (34 mL). Solid 3-chIoroperbenzoic acid (3.39 & 15. 14 mmol) was added 
portion wise to the resulting solution over 5 minutes. The reaction was judged to be 
complete after stirring at ambient temperature for 5 minutes. The solution was partitioned 

20 between chloroform and 1% aqueous sodium carbonate. The layers were separated. The 
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered and 
then concentrated under reduced pressure to afford a red gum. The material was purified 
by chromatography over silica gel (dichlorometfaane) to provide iV^-dibenzyl-l-[4. 
(phenylsulfony^ (2.85 g, 5.08 mmol) as a light 

25 pink gum. MS (CI) for C34H32N4O2S m/z 561 (MH 4 ), 471, 381 
PartD 

A round bottom flask was charged with a magnetic stir 
(phenylsulfonyl)butyl]-l^^ (1,0 & ug mmol), triflic acid 

(2.68 g, 17.83 mmol), and anhydrous dichloromethane (14 mL) under a nitrogen 
30 atmosphere. The reaction was judged to be complete after stirring at ambient temperature 
for 24 hours. The solution was partitioned between chloroform and excess aqueous 
sodium hydroxide (20%). The layers were separated. The aqueous layer was extracted 
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with chlorofonn (3x). The organic layers were combined and then concentrated under 
reduced pressure to afford a light brown solid. The material was purified by 
chromatography over silica gel (90/10 dichloromethane/memanol) to provide a fine white 
powder which was recrystallized from acetonitrile to give l-[4-^>henylsulfony0butyl]-lH- 
inuda2»[4,5^]qumohn4-amine (0.32 g, 0.84 mmol) as white needles, m. p. 175-177 °C. 
Analysis. CalculatedforC2oH 20 N40 2 S:%C 63.14; %H, 5.30; %N, 14.73. Found: %C 
63.14; %H, 5.24; %N, 14.77 

'H-NMR (300 MHz, DMSO) 8 8.15 (s, 1H), 8 8.01 (d, J - 8.3 Hz, 1H), 8 7.80 (m, 2H), 8 
7.71 (m, 1H), 8 7.60 (m, 3H), 8 7.44 (t, J = 8.3 Hz, 1H), 8 724 (t, J = 8 3 Hz, 1H), 8 6.59 
(bs, 2H), 8 4.59 (t, J - 6.8 Hz, 2H), 8 3.38 (t, J = 7.8 Hz, 2H), 8 1.93 (m, 2H), 8 1 .58 (m, 
2H) 

MS (CI) for C20H20N4O2S m/z 38 1 (MH*), 239 

Example 8 
l-[4H[me%lsulfonyl)butylH^^ 

f 




0=5=0 
Part A 

Using the general method of Example 7 Part B, iV^-dibenzyl-l -(4-chlorobutyl)- 
lff-imida2»[4,5^]q^^ (5.0 g, 10.99 mmol) was converted to AyV-dibenzyl- 

l-[4^methyltWo)butyl]4fr-inudazo[4,5^ using sodium thiomethoxide 

(1.1 6 g, 16.48 mmol). The material was purified by chromatography over silica gel (80/20 
hexanes/ethyl acetate) to provide the product (4.91 g, 10.52 mmol) as a colorless oil. MS 
(CI) for C29H30N4S m/z 467 (MH*), 377, 287, 185 
PartB 

Using the general method of Example 7 Part C, i^-dibenzyl-l-[4- 
(methylthio)butyl]-liM^ (4.91 g, 15.52 mmol) was oxidized 

to tf,W4ilwi^M wMch 
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was purified by chromatography over silica gel (80/20 hexanes/ethyl acetate) to provide 
the product (4.53 g, 9.08 mmol) as a light orange solid. MS (CI) for C29H30N4O2S tn/z 
499 (MH*), 409, 319 
PattC 

5 Using the general memod of Example 7 Part D, fl^-dibenzyl-l-[4- 

(methylsulfonyl)butyl]-l#-m^^ (4.53 g, 9.08 mmol) was 

converted to l-[4^me%lsulfonjd)butylH^ The 
material was reciystallized from methanol and water to afford the title compound (133 g, 
4.18 mmol) as white needles, m.p. 203-204 °C. 
10 Analysis. Calculated for CuH^CfeS: %C 56.58; %H, 5.70; %N, 17.60. Found: %C 
56.33; %H, 5.63; %N, 17.41 

"H-NMR (300 MHz, DMSO) 8 8.22 (s, 1H), 8 8.06 (d, J= 8.3 Hz, 1H), 8 7.62 (d, J = 8.3 
Hz, 1H), 8 7.45 (t, J = 8.3 Hz, 1H), 8 7.27 (t, J- 8.3 Hz, 1H), 8 6.59 (bs, 2H), 8 4.65 (t, J- 
6.8 Hz, 2H), 8 3.19 (t, J - 7.8 Hz, 2H), 8 2.93 (s, 3H), 8 1.99 (m, 2H), 8 1.74 (m, 2H) 
15 MS(CI)forCisHi8N*02Sm/z319(MH^,239 



Using me general memod of Example 1 Part D, N-{4-{[tert- 
butyl(dmemyI)silyI]oxy}bi^^ (101^1 g, 292.90 mmol) was 

cyclized to l<4-{[tert-bu1yl(dime^ using 
methyl ormoformate (65.1 1 g, 439 35 mmol). The product (75.0 g, 210.93 mmol) was 
25 isolated as a brown oil and used without further purification. 



Example 9 
l-[4-(phenyltMo)butyn-lff-nm 




Part A 
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PartB 

Using the general method of Example 1 Part E, l-(4-{[tert' 
butyl(dimethyl)sayl]oxy}butyl>l^^^ (422 g, 118.69mmol) was 

oxidized to l-(4-{[tert-butyl(dm^ 
5 oxide (44.10 g, 1 18.69 mmol) which was isolated without further purification as a tan 
solid. 
PartC 

Using the general method of Example 3 Part B, l-(4-{[terf- 
butyl(dimetliyl)silyl]o^^^ (44.10 g, 118.69 

10 mmol) was aminated to provide H4-{[te^butyi(<ta 

imidazo[4,5-c]quinolin-4-amine. The material was triturated with ethyl ether and 
collected by filtration to afford the product (21.54 g, 58.12 mmol) as a light brown solid 
which was used without further purification. 
PartD 

15 Using flie general method of Example 3 Part C, U(4-{[tert" 

butyI(dimethyI)silyl]oxy}butyl>lfr-imida2»[4,^ (21 .5 g, 58.02 mmol) 

was converted to 4^4-amino-lH-imidazo[4,5^]qumolm-l-yl)buten-lK)l. The material 
was triturated with cold methanol (0 °C) and collected by filtration to afford the product 
(13.92 g, 54.30 mmol) which was used without further purification. MS (CI) for 

20 C14H16N4O m/z 257 (MB 4 ), 185 
PartE 

Using the general method of Example 6 Part A, 4-(4-amino-liT-imidazo[4,5- 
c]quinolin-l-yl)butan-l-ol (5.0 g, 19.51 mmol) was chlorinated to provide l-(4- 
cUorobutyl>lfr-imidazo[4 > 5H:]qumolin-4-amm (4.92 g, 17.91 mmol) which was isolated 
25 without further purification as an off-white solid. 
PartF 

Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 °C, 1 ^4K5Uorobutyl)-li/-imidazo[4,5-c]quinolin-4-amine 
(1.5 g, 5.46 mmol) was converted to l-[4-(phenyltirio)butylH^ 
30 amine. The resulting solid (1 .53 g) was dissolved in acetonitrile (90 mL) and brought to 
reflux. Activated charcoal (0.9 g) was added and the resulting mixture was heated at 
reflux for 5 minutes and then the charcoal was removed by filtration through fluted paper 
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to provide a colorless solutioa The title compound (0.86 g, 2.47 mmol) was isolated as 



white needles, m.p 158-160 °C. 

Analysis. Calculated for C20H20N4S: %C 68.94; %H, 5.79; %N, 16.08. Found: %C 68.70; 
%H, 5.74; %N, 16.08 

5 *H-NMR (300 MHz, DMSO) 8 8.18 (s, 1H), 8 8.05 (d, J * 8.3 Hz, 1H), 8 7.63 (d, J = 8.3 
Hz, 1H), 8 7.45 (t, J = 8.3 Hz, 1H), 8 7.26 (m, 5H), 8 7.14-7.19 (m, 1H), 8 6.60 (bs, 2H), 8 
4.62 (t, J = 6.8 Hz, 2H), 8 3.00 (t,J= 7.3 Hz, 2H), 8 2.00 (m, 2H), 8 1.61 (m, 2H) 
MS (CI) forC2oH2oN 4 S m/z 349 (MH*), 185 

10 Example 10 



1 5 temperature was lowered to 80 °C, 1 ^4-cMorobutyl)-l tf-imidazo[4,5-c] 

(1.5 g, 5.46 mmol) was converted to l-[4-(methylthio)butyl]-lH-imidazo[4,5^]qumolin- 
4-amine using sodium thiomethoxide (0.88 g, 12.56 mmol) in lieu of sodium 
benzenethiolate. The resulting solid (1 26 g) was dissolved in acetonitrile (40 mL) and 
brought to reflux. Activated charcoal (0.7 g) was added, the resulting mixture was heated 

20 at reflux for 5 minutes and then the charcoal was removed by filtration through fluted 
paper to provide a colorless solution. The solution was concentrated under reduced 
pressure to give a solid that was recrystallized from acetonitrile. The title compound (0.66 
g, 2.30 mmol) was isolated as white needles, m.p 163-164 °C. 

Analysis. Calculated for C15H18N4S: %C 62.91; %H, 6.34; %N, 19.56. Found: %C 62.70; 



1 -[4-(methyltMo)butyl]-l#-^ 
NH 2 




Part A 



Using the general method of Example 6 Part B, except that the reaction 



25 



%H, 6.19; %N, 19.45 
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MS (CI) for C 15 H I8 N4S m/z 287 (MH 4 ), 185 

Example 11 

2-l^l.l- t 5< m emyIsulfo 1 ryl)pen^ 




> Part A 

Using the general method ofExamrle 1 

W«rK^ ^ D ™^^ tate ~»'«'^^w^ MS 
tor C14H17N3O3 m/z 276 (MH 4 ), 224 

PartB 

^°^ oat flask was charged with a magnetic stir bar, 5-[(3-nitroquinoIin-4- 
""te.Btin.ge.tt.oq*™. Tl» re tttio.mix t ur.™.l MtoJto80 ^ Bi!iv<1 , 

^^w.r-^^r^.ZZ 
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PaitC 

Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 °C, AK5^hloropentyl>3-nitroqumolm^aniine (4.75 g, 
16.17 mmol) was converted to iy"<5-(memylMo)penryl]-3-m^qumolm^attune using 
5 sodium miomethoxide (1.43 g, 19.40 mmol) in lieu of sodium benzenethiolate. The 
product (3.28 g, 1 0.74 mmol) was isolated without further purification as a light yellow 
solid. MS (CI) for C15H19N3O2S m/z 306 (MH*), 272, 1 17 
PartD 

Using the general method of Example 1 Part C, A45-(methyIthio)pentyl]-3- 
10 nitroquinolin-4-amine (320 g, 10.48 mmol) was reduced to W*-[5- 

(methylthio)penryI]qumoline-3,4-diamine (2.89 g, 10.48 mmol) which was isolated 

without further purification as a brown oil. 

PartE 

Using the general method of Example 1 Part D, N*-[5~ 
15 (methylthio)pentyl]qum^ fe io.48 mmol) was cyclized to provide 2- 

butyl-l-[5^mefoylmio)pentyl]-lff^^ The material was purified by 

chromatography over silica gel (ethyl acetate) to afford the product (2. 10 g, 6.15 mmol) as 
a light brown oiL 
PartF 

20 A round bottom flask was charged with a magnetic stir bar, 2-butyl-l-[5- 

(memyltmo)pentylH#-™^ (2.1 g, 6.15 mmol) and chloroform (31 

mL). Solid 3-chloroperbenzoic acid (4.41 g, 19.68 mmol) was added portion wise to the 
solution over 10 minutes and the reaction was stirred at ambient temperature for 30 
minutes at which time the starting material was completely consumed. The solution was 

25 partitioned between chloroform and saturated aqueous sodium bicarbonate. The layers 

were separated. The organic layer was washed with saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and men concentrated under 
reduced pressure to afford 2-butyl- 1 -[Hmethylsulfonyl^tylJ-lH-mudazo^.S- 
c]qumoline-5N-oxide (2.40 g, 6.15 mmol) as a tan solid. The material was used without 

30 further purification. 
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PartG 

Using the general method of Example 3 Part B, 2-butyl-l-[5. 
(methylsulf^^ (2 ^ & g ^ ^ ^ 

animated to provide 2-b«tyl-l-[5^me%^ 
5 amme. Tbe resulting solid (2.24 g) was dissolved in acetonitrile (40 mL) and brought to 
reflux. Acnvated charcoal (1 g) was added and the resulting mixture was heated at reflux 
for 5 minutes and then the charcoal was removed by filtration through fluted paper to 
provide a light btown solution. Upon cooling 2-butyl-l- [5 ^ me% i sulfoiyl)penlyl j. lif . 

mndazot^Jo^olm^amine (0.90 g, 2.32 mmol) was isolated as white needles, m p 
10 173-175 °C. 

Analysis. Cal<mktedfarC^ 4 Q 2 S: o /o c 61 . 83; . /oH , 726 .o /oN> U 42 Tom±%c 
61.58; %H, 727; %N, 14.36 

, H-NMR(300MH Z ,DMSO)58.01 (d, J- 8.3 Hz, 1H), 8 7.61 (d,J-8.3Hz, 1H),8741 
(U « 8.3 Hz, 1H), 6 726 ftj = 8.3 Hz, 1H), 8 6.45 (b* : 2H), 8 4.51 ftj = 7.6 Hz, 2H) 8 
3.10 ft J = 7.8 Hz, 2H), 8 2.92 (s, 3H), 8 2.92 (t, J = 7.3 Hz, 2H), 8 1.76 (m, 6H), 8 1.54 
(m, 2H), 8 1.46 (sextet, J- 73 Hz, 2H), 8 059 (t, J= 7.3 Hz, 3H) 
MS (CI) for CaoHaMOiS m/z 389 (MH*) 



15 



20 



25 



Example 12 
2-me%l.l. [5 ^ m emylsulfonyl)pe n tyl]-lff-inti 




Part A 

Using the general mefliod of Example 1 Part D, N*-[5. 
(mefcyltko)^^ 

me%M-(5Kme%llfoo^ ^ ^ 

^oxyelhane(2.95g^ ^material 
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was triturated with ethyl ether and collected by filtration to afford the product (3.78 g, 
12.62 mmol) as a light brown solid which was used without further purification. 
PartB 

Using fee general method of Example 1 1 Part F, 2-methyl-l -[5- 
5 (methylftio)pentyl]-l/f-imidazo[4,5-c]quinolixie (3.78 g, 12.62 mmol) was oxidized to 2- 
methyl-l-[5^methylsulfonyl)penty^ (4.38 g, 12.62 

mmol) which was isolated as a tan solid and used without purification. 
PartC 

Using the general method of Example 3 Part B, 2-methyl-l-[5- 
10 (methylsulfonyI)pentyl]-li/-^ (4.38 g, 12.62 mmol) was 

animated to provide 2-methyl-l-[5^methylsulfonyI)pert 

amine. The resulting solid was triturated with acetonitrile and collected by filtration to 
afford the title compound (0.8 g, 2.3 1 mmol) as an off-white solid, m.p. 235-240 °C. 
Analysis. Calculated for C17H22N4Q2S: %C 58.94; %H, 6.4(j; %N, 16.17. Found: %C 
15 58,77; %H, 6.34; %N, 16.39 

] H-NMR (300 MHz, DMSO) 8 8.02 (d, J « 8.3 Hz, 1H), 8 7.60 (d, J - 8.3 Hz, 1H), 8 7.41 
(t, J - 83 Hz, 1H), 8 7.25 (t, J - 8.3 Hz, 1H), 8 6.49 (bs, 2H), 8 4 JO (t, J = 7 3 Hz,2H),8 
3.12 (t, J = 7.8 Hz, 2H), 8 2.92 (s, 3H), 8 2.61 (s, 3H), 8 1.86 (m, 2H), 8 1.74 (m, 2H), 8 
1.53 (m,2H) 

20 MS (CI) for C17H22N4O2S m/z 347 (MET), 267 
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Example 13 



2-ethyl-l-[5-(methylsulfonyl)penty^^ 




NH 2 



Part A 



5 



Using the general method of Example 1 Part D, ^-[5- 



(methyltMo)pentyl]quinoline-^^ (4.53 g, 16.37 mmol) was cyclized to 2-ethyl-l- 

[5<methylthio)pentyi]-l#-i^ using triethyl orthopropionate (43 g, 

24.56 mmol) and pyridine hydrochloride (0. 1 g). The material was triturated with ethyl 
ether and collected by filtration to afford the product (3 25 g, 1 0.37 mmol) as an off-white 
1 0 powder which was used without further purification. 



Using the general method of Example 1 1 Part F, 2-ethyH«[5-(methylthio)pentyl] 
l/f-imidazo[4,5-c]quinoline (325 g, 10.37 mmol) was oxidized to 2-ethyl-l-[5- 
(methylsulfonyl)pentyl]-l^^ (3.75 g, 10.37 mmol) 

1 5 which was isolated as a tan solid and used without purification. 



Using the general method of Example 3 Part B, 2-ethyH-[5- 
(methylsulfonyl)pentyl]-ltf-^ (3.75 g, 10.37 mmol) was 

animated to provide 2-ethyl-l-[5^methylsulfonyl)pert 
20 amine. The resulting solid was recrystallized sequentially from ethanol and acetonitrile to 



afford the title compound (1.4 g, 3.88 mmol) as off-white needles, m.p. 189-191 °C. 
Analysis. Calculated for C18H24N4O2S: %C 59.98; %H, 6.71; %N, 15.54. Found: %C 
59.71; %H, 6.68; %N, 15.64 

l H-NMR (300 MHz, DMSO) 6 8.01 (d, J - 8.3 Hz, IH), 5 7.61 (d, J ■ 8.3 Hz, 1H), 8 7.42 
25 (t, J - 8.3 Hz, 1H), 8 7.26 (t, J - 8.3 Hz, 1H), 8 6.45 (bs, 2H), 8 4.50 (t, J - 7.6 Hz, 2H), 8 



PartB 



PartC 
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3.10 (t, J - 7.8 Hz, 2H), 8 2.95 (q, J - 7.3 Hz, 2H), 5 2.92 (s, 3H), 5 1.85 (m, 2H), 8 1.74 
(m, 2H), 8 1 .55 (m, 2H), 8 1 .3 8 (t, J - 7.3 Hz, 3H) 
MS (CI) for C18H24N4O2S mlz 361 (MET*), 281 

Example 14 
1 -[5-(methylsulfonyl)pe^^ 

NH 2 




Part A 

Using the general method of Example 1 Part D, ^[5- 
(methyl1hio)pentyl]quinoline-3,4-diamine (4.53 g, 16.37 mmol) was cyclized to l-[5- 
(mefliylthio)pentyl]-lif-imidazo[4,5^]qumoline using triethyl orthofonnate (3.64 g, 24.56 
mmol) and pyridine hydrochloride (0.1 g). The product (4.05 g, 14.19 mmol) was isolated 
as a brown oil and used without further purification . 
PartB 

Using the general method of Example 1 1 fart F, 1 -[5<methyKhio)pentyl]-liJ- 
imidazo[4,5-c]quinoline (4.05 g, 14.19 mmol) was oxidized to l-[5- 
(meftylsulfonyl)penlyl]-lJy-imidazo[^ (4.73 g, 14.19 mmol) 

which was isolated as a tan solid and used without further purification. 
PartC 

Using the general method of Example 3 Part B, l-[5-(methylsulfonyl)pentyl]-l/f- 
imidazo[4,5^]quinoliiie-5N-oxide (4.73 g, 14.19 mmol) was aminated to provide l-[5- 
(methylsulfonyi)pentyl]- lH-imidazo[4,5-c]quinolin-4-amine. Hie material was purified 
by chromatography over silica gel (95/5 dicUoromethane/methanol) to afford a light 
yellow solid The solid was reciystallized from dimethyl formamide to give the title 
compound (0.43 g, 1.29 mmol) as a light yellow, granular solid, mp. 199-201 °C. 
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Analysis. Calculated for CsHaNtffeS: %C 57*1; %E, 6.06; %N, 16.85. Found- %C 
57.01; %H, 6.06; %N, 16.70 

'H-NMR (300 MHz, DMSO) 8 8.20 (S, 1H), 8 8.04 (d, J = 8.3 Hz, 1H), 8 7.62 (d, J = 8.3 
Hz, 1H), 8 7.44 ft J = 8.3 Hz, 1H), 8 7.27 ft J - 8.3 Hz, 1H), 8 6.57 (bs, 2H), 8 4.61 ft J= 
5 6.8 Hz, 2H), 8 3.09 ft J - 7.8 Hz, 2H), 8 2.92 (s, 3H), 8 1.91 (p, J = 7.6 Hz, 2H), 8 1.73 
(m,2H),81.45(m,2H) 
MS (CI) for C16H20N4O2S m/z 333 (MH*) 

Example 15 

0 2 - h ^-HMnie&ylsu^ 




Part A 

A round bottom flask was charged with a magnetic stir bar, ^-[5- 
(me%ltmo)pentyl]^^ 

15 (46 mL) under a nitrogen atmosphere. The resulting homogeneous solution was cooled to 
0 °C in an ice-water bam. To the cooled solution was added neat heptanoyl chloride (1 .87 
g, 12.61 mmol). The reaction was judged to be complete after stirring at ambient 
temperature for 1 hour. The volatile* were removed under reduced pressure and the 
resulting ofl was partitioned between chloroform and water. The layers were separated. 

20 The organic layer was washed with saturated aqueous sodium bicarbonate and brine, dried 

over aiuiydrous sodium sulfate, filtered and men concentrated under re^^ 

aff(>rd^4-{[5<methyluno)pentyl]amh^ ( 4 >44 &U46 

mmol) which was isolated as a brown oil and used without further purification. 
PartB 

15 A round bottom flask was charged with a magnetic stir bar, iV-(4-{[5. 

(memylthio)pentyl]a^ (4 44 & n M pyridine 
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hydrochloride (0.13 g, 1.15 mmol), and anhydrous pyridine (50 mL) under a nitrogen 
atmosphere. The reaction was judged to be complete after stirring at reflux for 1 .5 hours. 
The solution was cooled and partitioned between ethyl acetate and water. The layers were 
separated. The organic layer was washed with saturated aqueous sodium bicarbonate and 
5 brine, dried over anhydrous sodium sulfate, filtered and then concentrated under reduced 
pressure to afford 2-hexyl-l-[5-(me%lthio)penty^ (4.0 g, 

10.82 mmol) as a brown oil which was used without further purification. 
PartC 

Using the general method of Example 1 1 Part F, 2-hexyl-l-[5-(methylthio)pentyl]- 
10 l/f-imidazo[4,5-c]quinoline (4.0 g, 10.82 mmol) was oxidized to 2-hexyl-l-[5- 

(methylsulfonyl)penty^ (4.52 g, 10.82 mmol) 

which was isolated as a tan solid and used without further purification. 

PartD 

Using the general method of Example 3 Part B 2-hexyl-l-[5- 
15 (me%lsulfonyI)pei^^ (4.0 g, 10.82 mmol) was 

aminated to provide 2-hexyl-l-[5-(methylsulfony^ 

amine. The material was reciystallized from acetonitrile to afford the title compound 
(225 g, 5.40 mmol) as off-white needles, mp. 168-171 °C. 

Analysis. Calculated for CnHj^CfeS: %C 63.43; %H, 7.74; %N, 13.45. Found: %C 

20 63.06; %H, 7.66; %N, 13.81 

*H-NMR (300 MHz, DMSO) 8 8.01 (d, J = 8.3 Hz, 1H), 8 7.62 (d, J = 8.3 Hz, 1H), 8 7.42 
ft J = 8.3 Hz, 1H), 8 7.26 ft J = 8.3 Hz, 1H), 8 6.51 (bs, 2H), 8 4.51 ft J - 7.3 Hz, 2H), 8 
3.10 ft J - 7.8 Hz, 2H), 8 2.93 (s, 3H), 8 2.93 ft J « 7.3 Hz, 2H), 8 1.71-1.87 (m, 6H), 8 
1 .54 (m, 2H), 8 1 .44 (m, 2H), 8 1 .33 (m, 4H), 8 0.89 ft J = 7.3 Hz, 3H) 

25 MS (CI) for C22H32N4O2S m/z 417 (MH*), 337 
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Example 16 

2-(2-methoxyethyl)-l -[5-(methylsulfonyl)pentyl]- 
li7-imidazo[4,5-c]quinolin^aiDine 
NH 2 / 




O 



5 Part A 

A round bottom flask was charged with a magnetic stir bar, ^-[5- 
(metoyltiuo)peatyl]qi^ (3.56 g, 12.93 mmol) and anhydrous pyridine 

(52 mL) under a nitrogen atmosphere. The resulting homogeneous solution was cooled to 
0 °C in an ice- water bath. To the cooled solution was addect neat 3-methoxypropionyl 

10 chloride (2.74 g, 22.36 mmol). After addition of the acid chloride, the reaction was heated 
to reflux for 14 hours at which time the acylated intermediate was completely consumed. 
The solution was cooled and then partitioned between chloroform and saturated aqueous 
ammonium chloride. The layers were separated. The organic layer was washed with 
saturated aqueous sodium bicarbonate, dried over anhydrous sodium sulfate, filtered and 

1 5 then concentrated under reduced pressure to afford 2-(2-methoxyethyl)-l -[5- 

(me^lthio)pentyl]4H-imida2»[4,5^]quinoto (3.0 g, 8.73 mmol) which was isolated as 

a brown oil and used without further purification. 

PartB 

Using the general method of Example 1 1 Part F, 2-(2-methoxyethyl>l-[5- 
20 (methylthio)pentyl]-lH-imidazo[4,5^]quino^ (3.0 g, 8.73 mmol) was oxidized to 2-(2- 
methoxyethyl>l-[5<methybulfonyI^ ( 3 - 41 
g, 8.73 mmol) which was isolated as a tan solid and used without further purification. 

PartC 

Using the general method of Example 3 Part B, 2-(2-methoxyethyl)-l -[5- 
25 (methylsulfonyl)pen^ (3.41 g, 8,73 mmol) was 

aminated to provide 2^-meftoxye%l)-145Km(^lsul^l)p<^l]4Jy-Mda2ot4^- 
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c]quinolin-4-amine. The resulting solid was purified by chromatography over silica gel 
(95/5 dichloromethane/methanol) to provide a gummy solid. The solid was recrystallized 
from acetonitrile to give the title compound (0.54 g, 1.38 mmol) as an off-white powder, 
m.p. 158-160 °C. 

5 Analysis. Calculated for CwHwWsS: %C 58.44; %H, 6.71; %N, 14.35. Found: %C 
5824; %H, 6.76; %N, 14.70 

! H-NMR (300 MHz, DMSO) 5 8.02 (d, J = 8.3 Hz, 1H), 8 7.62 (d, J 8.3 Hz, 1H), 8 7.42 
(t, J - 8.3 Hz, 1H), 8 726 (t, J = 8.3 Hz, 1H), 8 6.50 (bs, 2H), 8 4.53 (t, J « 7.6 Hz, 2H), 8 
3.83 (t, J - 6.8 Hz, 2H), 8 3.30 (s, 3H), 8 3.19 (t, J- 6.8 Hz, 2H), 8 3.1 1 (t, J = 7.8 Hz, 
10 2H), 8 2.93 (s, 3H), 8 1.85 (m, 2H), 8 1.76 (m, 2H), 8 1.57 (m, 2H) 
MS (CI) for C19H26N4O3S m/z 391 (MH 4 ), 359 

Example 17 
2-b?tyl-l-[5-(methylthio)pOT^ 



15 




Part A 

Using the general method of Example 1 Part C, JV^5-chlorDpentyl)-3- 
nitroquinolin-4-amine (2.0 g, 6.80 mmol) was reduced to provide ^-(5- 
cMoropentyl)quinoline-3,fdiamine (1 .79 g, 6.80 mmol) which was isolated as a brown oil 
20 and used without further purification. 
PartB 

Using the general method of Example 1 Part D, A^-(5-chloropentyl)quinoline-3 ,4- 
diamine (1.79 g, 6.80 mmol) was cyclized to 2-butyl-l -(5-chloropentyl)-l/f-imidazo[4,5- 
c]quinoline using trimethyl orthovalerate (2.55 g, 15.72 mmol) and pyridine 
25 hydrochloride (0.079 g). The product (1 .95 g, 5.91 mmol) was isolated as an off-white 
solid and used without further purification. 
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PartC 

Using the general method of Example 1 Part E, 2-butyM-(5-chloropentyl}-l#- 
imidazo[4,5-c]quinoline (1.95 g, 5.91 mmol) was oxidized to 2-butyl-l-(5-chloropentyl)- 
li/-imidazo[4,5-c]quino]ine-5N-oxide (2.04 g, 5.91 mmol) which was isolated as a tan 
5 solid and used without further purification. 
PartD 

Using the general method of Example 3 Part B, 2-butyl-l-(5-cMoropentyl)-ltf- 
imidazo[4,5^]quinoline-5N-oxide (2.04 g, 5.91 mmol) was animated to provide 2-butyl-l- 
(5-cMoropentyl>lH-imidazo[4 f 5^]qumolm^amine. The resulting solid was 
10 reciystallized from ethanol to afford the product (0.85 g, 2.46 mmol) as a fine white 
powder, m.p. 144-146 °C. 

Analysis. Calculated for C9H25CIN4: %C 66.17; %H, 7.31; %N, 16.24. Found: %C 
66.44j%H, 7.55; %N, 16.29 
MS (CI) for C19H25CIN4 m/z 345 (MH*), 309 
15 PartE 

Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 °C, 2-butyl-l-(5-cHoropentyI>l^ 
4-amine (2.0 g, 5.80 mmol) was converted to 2-butyl-l-[5-(methyltMo)pentyl]-lH- 
imidazo[4,5-c]quinolin-4-amine using sodium thiomethoxide (0.68 g, 8.70 mmol) in lieu 

20 of sodium benzenethiolate. The resulting solid was partitioned between chloroform and 
saturated aqueous sodium bicarbonate. The layers were separated. Hie organic layer was 
washed with brine, dried over anhydrous sodium sulfate, filtered and then concentrated 
under reduced pressure to afford a white solid. The material was reciystallized from 
acetonitrile to give the title compound (1.91 g, 5.36 mmol) as a fine white solid, m.p. 1 12- 

25 114 °C 

Analysis. CMculated forC2oH28N4S: %C 67.38; %H, 7.92; %N, 15.71. Found: %C 67.26; 
%H, 8.08; %N, 15.74 

l H-NMR(300 MHz, DMSO) 5 8.01 (d, J = 83 Hz, 1H), 8 7.61 (d, J = 83 Hz, 1H), 8 7.41 
(t, J - 8.3 Hz, 1H), 8 7.25 (t, J - 8.3 Hz, 1H), 8 6.45 (bs, 2H), 8 4.50 (t, J - 7.8 Hz, 2H), 8 
30 232 (t, J - 7.6 Hz, 2H), 8 2.46 (t, J = 7.3 Hz, 2H), 8 2.01 (s, 3H), 8 1.80 (m, 4H), 8 1.42- 
1.61 (m, 6H), 8 0.96 (t, J - 7.3 Hz, 3H) 
MS (CI) for C20H28N4S m/z 357 (MH*), 309 
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Example 18 

2-butyM-[5-(methylsul^ 




5 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l-[5- 
(methy!thio)perityI]- 1 H-imidazo[4,5H:]quinolin-4-anrine (1.0 g, 2.80 xnmol) and 
chloroform (14 mL). Solid 3 -chloroperbenzoic acid (0.69 g, 3.09 mmol) was added 
portion wise over 5 minutes and the reaction was stirred at ambient temperature for 20 

10 minutes at which time the starting material was completely consumed. The solution was 
partitioned between chloroform and saturated aqueous sodium bicarbonate. The layers 
were separated The organic layer was washed wife saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced pressure to afford an off-white solid which was shown by 'H-NMRtobe the 3- 

15 chlorobenzoic acid salt of the desired product The solid was strrred in water and then 
made basic (pH 10) by addition of solid sodium carbonate. The resulting free base was 
collected by filtration to provide a white solid which was recrystallized from ace tonitrile to 
give 2-butyl-l-[5^methylsulfirryl^ (0.40 g, 

1.07 mmol) as a white powder, rap. 1 19-121 °C. 

20 Analysis, Calculated for CzoHm^OS (H z O)m %C 61.51; %H, 7.74; %N, 14.35. Found: 
%C 61.64; %H, 7.82; °/oN, 14.32 

! H-NMR (300 MHz, DMSO) 8 8.01 (d, J « 8.3 Hz, 1H), 8 7.60 (d, J = 8.3 Hz, 1H), 8 7.41 
ft J - 8.3 Hz, 1H), 8 7.26 (t, J - 8.3 Hz, 1H), 8 6.44 (bs, 2H), 8 4.51 (t, J = 7.6 Hz, 2H), 8 
2.92 (t, J - 7.8 Hz, 2H), 8 2.57-2.74 (m, 2H), 8 2.50 (s, 3H), 8 1.80 (m, 4H), 8 1 .66 (m, 
25 2H), 8 1.55 (m, 2H), 8 1.48 (m, 2H), 8 036 (t, J= 7.3 Hz, 3H) 
MS (C3) for C20H28N4OS QhO)\ m/z 373 (MH*), 309, 253 
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Example 19 

:-butyl-l-[3-(me%lsuIfo^ 




5 Part A 

A round bottom flask was charged with a magnetic stir bar, 3-[(3-nitroquinolin^- 
yl)annno]propan-l-ol (20.75 g, 83.93 mmol), thionyl chloride (15.0 g, 125.89 mmol), and 
dichloromethane (420 mL). The bright yellow, homogeneous solution was stirred at 
ambient temperature for 2 hours at which time the starting material was completely 
10 consumed. Thevolatiles were removed under reduced pressure and the resulting solid 
stirred in water (400 mL) made basic (pH 10) with solid sodium carbonate. A bright 
yellow solid was collected by filtration to afford ^^^(jropropylH-rutrocnnnolin^- 
amine (21.63 g, 81.41 mmol) which was used wimout farmer purification. 
PartB 

15 Using the general method of Example 1 Part C, AK3-chloropropyl>3- 

nrtroqumolm^amine (10.0 g, 37.63 mmol) was reduced to provide N*-(3- 
cUoroproijyl)qumolme.3,4-dUarnine (8.87 g, 37.63 mmol) which was isolated as a brown 
oil and used without further purification. 
PartC 

20 Using die general method of Example 1 Part D, ^3^Moropropyl)qumoline.3,4. 

diamine (8.87 g, 37.63 mmol) was cyclized to provide 2-butyl-l-(3<Moropropyl)-l.ff- 
hnid^[4,5s:]qumoIme using trimethyl orthovalerate (7.33 g, 45.16 mmol) and pyridine 
hydrochloride (0.43 g). The resulting solid was triturated with ethyl ether and collected by 
filtration to afford the product (9.00 g, 29.82 mmol) as an off-white solid. The material 

25 was used without farmer purification. 
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PartD 

Using the general method of Example 1 Part E, 2-butyH-(3-^hloropropyl)-l/f- 
imidazo[4,5-c]quinoline (9.0 g, 29.82 mmol) was oxidized to 2-butyl-l-(3-chloropropyl)- 
l/f-iniidazo[4,5-c]quinoline-5N-oxide (9.48 g, 29.82 mmol) which was isolated as a tan 
5 solid and used without purification. 
PartE 

Using the general method of Example 3 Part B, 2-butyl-l -(3-chloropropyl)-li/- 
imidazo[4,5-c]quinoline-5N-oxide (9.48 g, 29.82 mmol) was aminated to provide 2-butyl- 
1 -{3 -chloropropy 1)- l/f-imidazo [4,5 ^]qirinolin-4-amine . The resulting solid was purified 
10 by chromatography over silica gel (95/5 dichloromethane/methanol) to provide the 
product (6.4 g, 20.20 mmol) as a tan solid. 
PartF 

Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 °C, 2-butyl-H3s:hloropropyl)-lff-imidazo[4,5^]quinolin- 

15 4-amine (2.0 g, 6.3 1 mmol) was converted to 2-butyl- 1 -[3-(methylthio)propyl]- li/- 

imidazo[4,5-c]quinolin-4-amine using sodium thiomethoxide (0.74 g, 9.47 mmol) in lieu 
of sodium benzenethiolate. The resulting solid was partitioned between chloroform and 
saturated aqueous sodium bicarbonate. The layers were separated The organic layer was 
washed with brine, dried over anhydrous sodium sulfate, filtered and then concentrated 

20 under reduced pressure to afford the title compound (2.0 & 6.09 mmol) as a white solid. 
The material was used without further purification. 
PartG 

Using the general method of Example 5 Part A, 2-butyl-l -[3-{methylthio)propyl]- 
lJf -imid a zo [4,5 -c] qumolm-4-amioe (2.0 g, 6.09 mmol) was oxidized to 2-butyl-l-[3- 
25 (methylsulfonyl)propy 1]- 1 H-imidazo [4,5 -c]qumolin-4-amine. The resulting solid was 
triturated with methanol and collected by filtration to afford the tide compound (0.96 g, 
2.66 mmol) as an off-white powder, m.p. 233-236 °C. 

Analysis. Calculated for CuHmN^S: %C 59.98; %H, 6.71; %N, 15.54. Found: %C 
59.71; %H, 6.65; %N, 15.43 
30 'H-NMR (300 MHz, DMSO) 8 8.10 (d, J - 8.3 Hz, IS), 8 7.61 (d, J - 8 .3 Hz, IK), 8 7.42 
(t, J = 8.3 Hz, 1H), 8 7.25 (t, J = 8.3 Hz, 1H), 8 6.47 (bs, 2H), 8 4.66 (t, J - 7.8 Hz, 2H), 8 
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3.40 (t, J - 7.3 Hz, 2H), 8 3.01 (s, 3H), 8 2.94 (t, J - 7.8 Hz, 2H), 8 2.22 (m, 2H), 8 1.80 
(m, 2H), 8 1.46 (sextet, J - 7.3 Hz, 2H), 8 0.96 (U = 7.3 Hz, 3H) 
MS (CI) for C18H24N4O2S m/z 361 (MH*), 281, 235 

> Example 20 

2-butyM-[3-(phenyIsulfonyl^^ 

NH 2 




Part A 

A round bottom flask was charged with a magnetic stir bar, benzenethiol (0.68 g, 
10 621 mmol), sodium hydride (025 g, 60% dispersion, 6.21 mmol), and anhydrous 

dimethyl formamide (28 mL) under a nitrogen atmosphere. After the reaction mixture had 
stiired at ambient temperature for 30 minutes, 2-butyl-1^3^hloropropyl>lH-imidazo[4,5- 
c]quinolin-4-amine (1.64 g, 5.18 mmol) was added and the resulting cloudy solution was 
heated to 80 °C and maintained at 80 °C for 2.5 hours at which time the starting material 
15 was completely consumed The hot solution was poured into rapidly stirred water (200 
mL). The resulting mixture was extracted with chloroform (2x). The combined organic 
layers were washed with saturated aqueous sodium bicarbonate and brine, dried over 
anhydrous sodium sulfate, filtered and then concentrated under reduced pressure to afford 
a light yellow oil. The material was purified by chromatography over silica gel (95/5 
20 dichloromethane/methanol) to provide 2-butyl-l-[3^henyl1hio)propyl]-l^-imidazo[4,5- 
c]qumolm-4-amine (1.38 g, 3.53 mmol) as a white solid. 
PartB 

Using the general method of Example 5 Part A, 2-butyl-l-[3-(phenylthio)propyl]- 
li/-imidazo[4,5^]quinolin-4-amine (1.38 g, 3.53 mmol) was oxidized to 2-butyi-l-[3- 
25 (phenylsulfonyl)propylH#^^ The resulting solid was 

recrystallized from ethanol to provide the title compound (0.85 g, 2.01 mmol) as an off- 
white powder, m.p. 224-227 °C. 
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Analysis. Calculated for C23H26N4O2S: %C 65.38; %H, 6.20; %N, 13.26. Found: %C 
65.25; %H, 6.23; %N, 13.20 

■H-NMRflOO MHz, DMSO) 5 7.96 (d, J= 83 Hz, 1H), 5 7.89 (m, 2H), 6 7.73 (m, 1H), 5 
7.63 (m, 3H), 5 7.40 (t, J - 8.3 Hz, 1H), 8 7.17 (t, J* 8.3 Hz, 1H), 5 6.46 (bs, 2H), 8 4.60 
5 (U«7.8Hz,2H),8 3.66(U = 7.3Hz,2^ 

1.73 (p, J - 7.6 Hz, 2H), 8 1.39 (sextet, J - 7.3 Hz, 2H), 8 0.92 (t, J - 7.3 Hz, 3H) 
MS (CT) for C23H26N4O2S mlz 423 (MH*), 322, 281 

CYTOKINE INDUCTION IN HUMAN CELLS 

10 An in vitro human blood cell system is used to assess cytokine induction. Activity 

is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF, 
respectively) secreted into culture media as described by Testerman et al. In "Cytokine 
Induction by the Immunomodulators Imiquimod and S-27609" Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995), 

15 Blood Cell Preparation for Culture 

Whole blood from healthy human donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifugation using Histopaque®-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10 6 

20 ceHs/mL in RPMI complete. Hie PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincoln Park, 
NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 

25 concentration should not exceed a final concentration of 1% for addition to the culture 

wells. The compounds are generally tested initially at concentrations ranging from 0.12 to 
30 |iM. Compounds showing activity at 0. 12 |iM may men be tested at lower 
concentrations. 
Incubation 

30 The solution of test compound is added at 60 uM to the first well containing RPMI 

complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
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10 



15 



20 



d^edran g e(0.1 2to 30 (1 M). Tbe final concentration ofPBMC suspension is 1.5-2 X 
10 cells/mL. The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 37°C in a 5'/. carbon dioxide atmosphere 



Following incubation the plates are centrifuged for 5-10 minutes at 1000 rpm 
(~200xg)at4«C. The cell-free culture supernatant is removed with a sterile 
polypropylene pipet and transferred to sterile polypropylene tubes. Samples are 
maintained at -30 to -70«C until analysis. The samples are analyzed for interferon (a) and 
for tumor necrosis factor (o) by ELISA 
I nterferon fo) and Tumor Necrosis Factor („) Anajyjjg hv rt j gA 

Interferon (a) concentration is determined by ELISA using a Human MuM-Species 

fatn^PBLBiomemcdI^tories,NewBrunswick,NJ. Results are expressed in 
pg/mL. 

Tumor necrosis factor (a) CIMOconcentration is determined using ELISA kits 
available from Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or 
Pharmingen, San Diego, CA. Results are expressed in pg/mL, 

Tbe table below lists the lowest concentration found to induce interferon and the 
lowest concentration found to induce tumor necrosis factor for each compound A - 
indicates that no mduction was seen at any of the tested concentrations (0.12, 037 1 11 
333, 10 and 30 uM). i.H, 



Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (uM) 


Number 


Interferon 


Tumor Necrosis Factor 


1 


0.12 


0.12 


2 


0.12 


0.37 


3 


0.04 


0.12 


4 


0.01 


0.01 


5 


0.01 


0.04 


6 


333 


10 
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Cytokine Induction in Human Cells 


Example 
Number 


Lowest Effective Concentration (uM) 


Interferon 


Tumor Necrosis Factor 


7 


333 


10 


8 


10 


* 


9 


3.33 


333 


10 


1.11 


1.11 


11 


0.01 


0.12 


12 


0.12 


10 


13 


0.12 


3.33 


14 


333 


10 


15 


0.04 


* 


16 


0.01 


0.04 


17 


0.01 


0.04 


18 


0.01 


0.12 


19 


. 0.04 


0.37 


20 


0.04 


0.37 
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WHAT IS CLAIMED IS: 

1. A compound of the formula (J): 




wherein: X is -CHR 3 -, -affR 3 -alkyh or -CHR 3 -alkeiiyl-; 
Z is -S-, -SO-, or-S(>2-; 
Ri is selected from the group consisting of: 
-alkyl; 

15 -aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-Rr-aryl; 

20 -Rr- heteroaryl; 

-RHheterocyclyl; 
Ri is selected from the group consisting of: 
-hydrogen; 
-alkyl; 

25 -alkenyl; 

-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 
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- alkyl- Y- alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

5 -OH; 

-halogen; 
-N(R 3 )2; 
-CO-N(R3)2; 
-CO-Ci-to alkyl; 
10 -CO-O-Cmo alkyl; 

-N 3 ; 
-aryl; 

-heteroaiyl; 
-heterocyclyl; 

15 -CO~aryl;and 

-CO-heteroaryl; 

each Ra is independently H or Cmo alkyl; 

each R4 is independently alkyl or alkenyl; 

each Y is independently -O- or -S(0)o- 2 -; 
20 n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 

alkyl, Cmo alkoxy, hydroxy, halogen and trifiuoromethyl; 

or a pharmaceutical^ acceptable salt thereof. 

25 2. A compound of claim 1 wherein Z is -S-. 

3. A compound of claim 1 wherein Z is -SO2-. 

4. A compound of claim 1 wherein Ri is -alkyl. 

5. A compound of claim 1 wherein Ri is -aryl. 



30 
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6. A compound of claim 1 wherein Rj is phenyl. 

7. A compound of claim 1 wherein Ri is heteroaiyl. 
5 8. A compound of claim 1 wherein X is -(Ofc)**-. 

9. A compound of claim 1 wherein R2 is EL 

10. A compound of claim 1 wherein R2 is -aIkyK)-alkyL 

11. A compound of claim 1 wherein Ra is -aDcyl. 



10 



12. A compound selected from the groiq) consisting of: . 

24>utyl-l-[4^henyl^ 
1 5 2-butyMH?^henylti^ 
v 2-butyl-l-[4^henylsulfoi^ 

2-butyl4-[4^methyltMo)butyl]-l*imida2» 

2-butyl-l-[4^methybulfonyl)^^ 

l-[2^henylthio)etbyl]-lif-imid^ 
20 l-[4^henylstilfonyI)butyl]-li?-^ 

l-[4^methylsulfonyl)butyl]-li^^ 

l-[4^henyltMo)butyl]-li/-^ 

1- [4^methylthio)butyl]-lif-im^ 

2- butyl-l-[5Kmethylsulfonyl)pentyl]-lif-imida2» 
25 2-methyM -[5^methylsulfonyI)peiiiyl]-^ 

2-«thyl-l-[5^methylsulfony^ 

1- [5^methylsulfbnyl)pentyl]-lif-imida^ 

2- hexyl- 1 - [5^methylsulfonyl)peniyl]- l^imidazo[4,5^]quinolin-4-amine; 
2^-methoxyethyI)-l-[5-(meth^^ 

30 2-butyl-l-[5^methylthio)peiity^ 
2-butyM-[5^methylsulfinyl)pei^ 

2-butyl-l-[3^methylsulfcw3yI)propyl]-lj^ and 
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2-butyM-[3-(phenylsiU^^ 

or a pharmaceutical^ acceptable salt thereof. 



13. A compound of the formula (D) 

NH 2 




X-Z-Ri 

5 (II) 

wherein: X is -CHR 3 -, -CHRa-alkyl-, or -CHR 3 -alkenyl-; 
Z is -S-, -SO, or -SO2S 
Ri is selected from the group consisting of: 
-alkyl; 

10 -atyl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-lU-aryl; 

15 -R4- heteroaryl; and 

-Rr-hcterocyclyl; 
Ra is selected from the group consisting of: 
-hydrogen; 
-alkyl; 

20 -alkenyl; 

-axyl; 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
25 - alkyl- Y- alkenyl; 

-alkyl-Y-aryl; and 
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-alkyl or alkenyl substituted by one or more substttuents selected 
&om the group consisting of: 

-OH; 

-halogen; 

5 -N(Ra)2; 

-CO-N(R 3 )2; 
-CO-Cmo alkyl; 
-COO-Cmo alkyl; 
-N 3 ; 

10 -aryl; 

-heteroaryl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteroaryl; 

IS each R3 is independently H or C mo alkyl; 

each R4 is independently alkyl or alkenyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cuo 
20 alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 

or a pharmaceutical^ acceptable salt thereof. 

14. A compound of claim 13 wherein Rj is phenyl. 

25 15. A compound of claim 13 wherein Ra is H or alkyl. 

16. A compound of claim 1 3 wherein R2 is -alkyl-O-alkyl. 

17. A pharmaceutical composition comprising a therapeutically effective amount of a 
30 compound of claim 1 and a pharmaceutically acceptable carrier. 
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18. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound of claim 12 and a phaimaceutically acceptable earner. 

19. A method of inducing cytokine biosynthesis in an animal comprising administering 
5 a therapeutically effective amount of a compound of claim 1 to the animal. 

20. The method of claim 19 wherein the cytokine is IFN-a. 

21 . A method of treating a viral disease m an animal comprising administering a 
10 therapeutically effective amount of a compound of claim 1 to the animal. 

22. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 1 to the animal. 

IS 23. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theraputically effective amount of a compound of claim 12 to the animal 

24. The method of claim 23 wherein the cytokine is IFN-a 

20 25. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 12 to the animal. 

26. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 12 to the animal. 

25 

27. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound of claim 13 and a phaimaceutically acceptable carrier. 

28. A method of inducing cytokine biosynthesis in an animal comprising administering 
30 a therapeutically effective amount of a compound of claim 1 3 to the animal 

29. The method of claim 29 wherein the cytokine is IFN-a. 
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30. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 13 to the animal. 

5 31. A method of treating a neoplastic disease in an animal comprising administering i 
therapeutically effective amount of a compound of claim 13 to the animal 
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